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Abstract 
No comprehensive study has been done within the higher education sector to see if 
Leadership in Energy and Environmental Design (LEED) certification makes sense economically.  
This study helps fill the gaps in the literature by providing construction costs and energy and 
water costs for a sample of campus LEED-certified buildings within the United States. Finding 
out if campus greening makes sense economically from a full lifecycle standpoint can help 
address possible upfront green premium barriers.  This study found that there is an upfront green 
premium for LEED-certified campus buildings.  However, when looking at LEED-certified 
campus buildings from a building lifecycle perspective, financial results were favorable.   
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Definition of Key Terms 
 
Benefits: Positive program outcomes, usually translated into monetary terms in cost-benefit 
analysis or compared with costs in cost-effectiveness analysis.  Benefits may include both direct 
and indirect outcomes (Rossi, Lipsey, & Freeman, 2004).   
Cost-benefit analysis: Analytical procedure for determining the economic efficiency of a 
program, expressed as the relationship between costs and outcomes, usually measured in 
monetary terms (Rossi, Lipsey, & Freeman, 2004).   
Costs: Inputs, both direct and indirect, required to produce an intervention (Rossi, Lipsey, & 
Freeman, 2004).   
Discounting: The treatment of time in valuing costs and benefits of a program in efficiency 
analysis, that is, the adjustment of costs and benefits to their present values, requiring a choice of 
discount rate and timeframe (Rossi, Lipsey, & Freeman, 2004).   
Internal rate of return: The calculated value for the discount rate necessary for total discounted 
program benefits to equal total discounted program costs (Rossi, Lipsey, & Freeman, 2004).   
Net benefits: The total discounted benefits minus the total discounted costs.  Also called net rate 
of return (Rossi, Lipsey, & Freeman, 2004). 
Net present value (NPV): The difference between the present value of cash inflows and the present 
value of cash outflows. NPV is used in capital budgeting to analyze the profitability of an investment 
or project (Investopedia, n.d.). 
Payback period:  The length of time required to recover the cost of an investment. The payback 
period of a given investment or project is an important determinant of whether to undertake the 
position or project because longer payback periods are typically undesirable for investment positions 
(Investopedia, n.d.). 
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Sensitivity: The extent to which the values on a measure vary when there is a change or 
difference in the thing being measured (Rossi, Lipsey, & Freeman, 2004).   
Stakeholders: Individuals, groups, or organizations having a significant interest in how well a 
program functions, for instance, those with decision-making authority over the program, funders 
and sponsors, administrators and personnel, and clients or intended beneficiaries (Rossi, Lipsey, 
& Freeman, 2004).   
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Chapter 1 
Introduction 
According to the United Nations, sustainable development is development that “meets the 
needs of the present without compromising the ability of future generations to meet their own 
needs” (United Nations World Commission on Environment and Development, 1987, p. 15).  
Sustainable development is important because it takes into account the limited resources of the 
planet.  Green building fosters sustainable development by creating structures that are 
environmentally responsible and resource-efficient throughout the building lifecycle. 
Green building certification on college and university campuses is relatively new.  The 
higher education sector has been employing the Leadership in Energy and Environmental Design 
(LEED) certification system since 2000, when it was publicly released (J. Van Mourik, personal 
communication, September 16, 2013).  The LEED rating system, one of the world’s leading 
standards for green building, can be extremely helpful for institutions of higher education (IHEs) 
that would like to incorporate sustainability into their development.  
There are potential benefits and costs for building green on campus.  Ried (2008) notes 
LEED certification represents an opportunity for universities and colleges to improve their social 
impact and environmental effect, be a marshal in this emerging field, and help create down-the-
line value within the community.  Additionally, IHEs are in a good position to capitalize on the 
lasting benefits of LEED certification, such as potential cost savings, because they are typically 
long-term landholders (Ried, 2008).  However, a common barrier to adopting environmentally 
sustainable development policy is the perceived increased upfront costs to build green versus 
conventional buildings.   
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There is a lack of research on actual green building costs to establish whether this 
perception is warranted.  The literature that does exist is mixed when determining if there is an 
upfront green building premium for LEED-certified buildings.  To date, a comprehensive study 
has not been conducted that looks at the costs and benefits of green building across IHEs.  
Furthermore, although there have been studies conducted with a sample of LEED-certified 
buildings, the literature does not provide a comprehensive cost-benefit analysis of a sample of 
LEED-certified campus buildings nationwide.  As per Figure 1 below, it is apparent that LEED 
registrations, which signify intent to seek LEED certification, and certifications in the higher 
education sector are increasing.  Therefore, it is important to know if LEED registration and 
certification make sense economically for the higher education sector. 
Figure 1. Annual LEED registrations and certifications on university campuses. 
 
Source: Dougherty, 2010, p. 7. 
The Research Problem 
There are 2,291 LEED-certified higher education projects and 3,141 LEED-registered 
higher education sector projects that intend to seek LEED certification (J. Van Mourik, personal 
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communication, September 16, 2013).  In the United States, there are more than 7,300 
postsecondary Title IV institutions, which are postsecondary institutions that are allowed to 
participate in Title IV federal student financial aid programs (National Center for Education 
Statistics, n.d.).  When comparing LEED-certified higher education projects to the number of 
postsecondary Title IV institutions, it is clear many IHEs are not participating in LEED, 
especially when considering that multiple higher education LEED projects may be on one 
campus.  Although the higher education sector within the United States Green Building Council 
(USGBC) is relatively new, the participation of more than 7,300 IHEs in a successful LEED 
certification building policy could generate positive environmental and fiscal outcomes.  Because 
of this potential significance, the costs and benefits of existing campus LEED-certified building 
projects should be examined.  This examination can uncover the validity of this perceived 
upfront cost barrier. 
The Purpose Statement 
The purpose for this study was to discover if the perceived upfront green premium 
financial barrier is valid by looking at actual initial costs of LEED-certified campus buildings 
versus conventional campus buildings.  When an upfront green premium was discovered, the 
time to recover these upfront costs was calculated.  Additionally, a cost-benefit analysis was 
performed on a sample of nationwide LEED-certified campus building to examine the initial 
building costs and operating costs throughout the building lifecycle.  This addresses the current 
deficiencies in the literature by producing more recent findings for a sample that focuses strictly 
on the higher education sector.  This study helps to fill the gaps in the literature by providing 
construction and operating costs for a sample of campus LEED-certified buildings within the 
United States, which can help confirm or discount the perceived green premium.  Additionally, 
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finding out if campus greening makes sense from a full lifecycle economic standpoint can help 
address upfront green premium barriers.   
The results of this study can be used to provide knowledge to key stakeholders and 
decision makers to help develop green building campus policies.  If the results of this study are 
economically positive in regards to upfront building costs, this can help eliminate the upfront 
green premium perception and encourage campus LEED-certified buildings.  If the lifecycle 
costs and benefits are economically positive, this can further encourage campus LEED-certified 
buildings.  Furthermore, even if the results of this study show negative economic results, other 
considerations, such as environmental and community impacts, can be taken into account if part 
of an IHE’s mission is commitment to service versus solely economic feasibility.  Because a 
significant amount of IHE buildings in the United States are not LEED-registered or LEED-
certified, uncovering the costs and benefits can promote understanding of the upfront cost barrier 
perception, as shown in the existing literature, and assist IHEs considering construction and 
major renovations in the future. 
Research Questions  
Research Question 1: What is the upfront green premium, if any, for LEED-certified campus 
buildings? 
Research Question 2: Are there benefits that outweigh the costs of LEED-certified campus 
buildings throughout the building lifecycle?  If so, what is the payback period?   
19 
 
Chapter 2 
Literature Review 
The goal of this literature review is to provide a background on campus green building, as 
well as studies that have addressed campus green building.  This chapter is organized into the 
following sections: a background on campus sustainable development and green building rating 
systems, studies that have addressed the upfront green premium and green building operating 
costs at IHEs, and deficiencies in these studies. 
Background 
 There are three components of sustainable development: economic development, social 
development, and environmental protection.  Green building is part of the environmental 
component.  According to the U.S. Environmental Protection Agency (EPA), green building is 
the practice of creating structures and using processes that are environmentally responsible and 
resource-efficient throughout a building’s lifecycle from siting to design, construction, operation, 
maintenance, renovation, and deconstruction (EPA, n.d.). This practice expands and 
complements the classical building design concerns of economy, utility, durability, and comfort 
(EPA, n.d.).  Furthermore, the EPA states that green building is also known as a sustainable or 
high-performance building (EPA, n.d.).   
Campus sustainable development, although a more recent field of study, has seen 
growing interest.  In 1990, the Talloires Declaration, designed by the Association of University 
Leaders for a Sustainable Future, was the first official statement made by university 
administrators of a commitment to environmental sustainability in higher education.  This 
declaration has been signed by more than 350 university presidents and chancellors in more than 
40 countries (Association of University Leaders for a Sustainable Future, 2001).  Additionally, 
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the first issue of the International Journal of Sustainability in Higher Education, the first 
scholarly publication addressing sustainability in higher education, was published in 2000.  The 
Association for the Advancement of Sustainability in Higher Education was founded in 2006.   
There are also commitments such as the American College and University Presidents 
Climate Commitment, which was established in 2007 with 661 signatories to date; the 
Sustainability Tracking Assessment and Rating System, with 197 institutions participating; and 
the Sustainability Assessment Questionnaire, which was designed to help assess the extent to 
which a college or university is sustainable.  Furthermore, the Higher Education Sustainability 
Act was signed into law in 2008, establishing grants to institutions of higher education (IHEs) for 
research programs, curricula, and practices, and creating a national summit to evaluate best 
practices for sustainability with education staff, federal employees, and business leaders. 
Green Building Rating Systems Background 
There have been various green building rating systems created worldwide, including the 
United States Leadership in Energy and Environmental Design (LEED), the United Kingdom 
Building Research Establishment Environmental Assessment Method (BREEAM), and 
Australia’s Green Star.  Building rating systems foster the evaluation of a building’s 
environmental impact and integration of environmental solutions, while also considering cost 
and other traditional design considerations such as practicality (Fenner & Ryce, 2008).   
Fenner and Ryce (2008) discuss the two most widely adopted building rating systems: 
LEED and BREEAM.  The authors state the main benefits of building rating systems are the 
ability to verify an accepted market standard for a green building, use as an audit tool for the 
design team, and the translation of a successful certification into increased bottom-line returns.  
The main criticisms they offer are that these rating systems are not universally applicable; they 
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require constant updating; an effective application requires an integrated approach; 
environmental impact projections are based on assumptions; and buildings can have many 
iterations with different uses.  Although these criticisms may hold some validity, LEED will be 
the building rating system assessed in this study because it is one of the world’s leading 
standards in building rating systems, and this study will strictly focus on IHEs in the United 
States. 
In 1993, the USGBC (n.d.) was founded to promote sustainability in the building and 
construction industry.  LEED, now an internationally recognized green building program that 
promotes LEED-certified buildings, was introduced by the USGBC in 1998.  LEED-certified 
buildings are designed to lower operating costs and increase asset values, reduce waste sent to 
landfills, conserve energy and water, be healthier and safer to occupants, reduce harmful 
greenhouse gas emissions, and qualify for tax rebates, zoning allowances and other incentives in 
hundreds of cities (USGBC, n.d.).  Table 1 illustrates the evolution of LEED certification 
versions for new construction and major renovations.   
Table 1 
Evolution of LEED Certification for New Construction and Major Renovations (NC)  
Version Year Launched 
v1.0 Pilot 1998  
v2.0 2000  
v2.1 2002  
v2.2 2005  
v2009 2009  
v4 Nov. 2013  
 
Source: Malin, 2013 
LEED-certified buildings work on a credit system with the certification level requiring 
the lowest number of credits, leading up to the platinum level, which requires the most credits.  
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Credits are awarded based on adherence to various green building designs.  The most recently 
approved version of LEED for new construction and major renovations in the higher education 
sector, v2009 NC, contains seven sections for credits that are sustainable sites, water efficiency, 
energy and atmosphere, materials and resources, indoor environmental quality, innovation in 
design, and regional priority.  A LEED Checklist Sample for v2009 NC, as well as all other 
versions, can be found in Appendices D-I, which provides more details on these credits. 
Studies That Have Addressed the Problem 
Upfront green premium.  A major barrier to adopting LEED-certified campus buildings 
is the perceived increased costs to build green versus conventional buildings.  Table 2 
summarizes the studies addressing the perceived upfront green premium.  Richardson and Lynes 
(2007) employed a two-part qualitative approach to understand the process for new building 
construction at the University of Waterloo and the motivations and barriers to green building at 
the university.  The financial barriers they discovered were negative financial perceptions of 
green buildings in general and perceived higher initial capital costs.  Cupido, Baetz, Pujari, and 
Chidiac (2010) looked to see if policy is needed to adopt green building practices and LEED-
certified buildings at IHEs in the United States and Canada by administering quantitative web-
based surveys to 213 senior facility professionals and doing qualitative follow-up telephone 
interviews with 24 respondents from the quantitative web-based survey.  The two most 
frequently cited barriers are perceived third-party costs such as consultants and perceived green 
building costs.    
This perceived upfront green building premium has been confirmed in various studies.  
Table 4 summarizes the studies addressing the confirmed upfront green premium.  Kats, 
Alevantis, Berman, Mills, and Perlman (2003) explore the upfront green premium of 25 office 
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buildings and eight school buildings in California by obtaining costs from building 
representatives and architects.  They found the upfront green premium to be 1.84%.  It should be 
noted that this premium is based on the average of all 33 green buildings, which include various 
levels of LEED certification.  The authors found that the majority of the premium is based on 
increased architectural and engineering design time.  Kats (2006) explored the additional cost to 
build green schools by using a sample of 30 K-12 green schools constructed between 2001 and 
2006 within 10 states.  By obtaining cost reports for the difference between green and 
conventional construction of the same building, as generally provided by architects, the 30 green 
schools on average cost 1.65% more to build than a conventional school.  It should be noted that 
this premium is based on the average of all 30 green buildings, which include various levels of 
LEED certification and some buildings that use the Massachusetts collaborative for high-
performance schools and Washington Sustainable School green building rating systems.  Kats, 
Braman, and James (2010) explored the additional cost of building green by using a larger 
sample of 170 green buildings across multiple sectors in 33 states and eight countries that were 
completed between 1998 and 2009.  By obtaining costs from building representatives and 
architects, the authors found a median green premium of 1.5%.  Again, it is important to note 
that this premium is based on the average of the sample, which includes various certification 
levels. 
Nyikos, Thal, Hicks, and Leach (2012) examined the cost premiums associated with 160 
LEED-certified buildings with building sector not being distinguished.  The database variables 
that Nyikos et al. (2012) used in their study were construction cost per square foot, value of 
water intensity savings, energy reduction, value of fuel savings, renewable energy on site, utility 
savings, green premium, and LEED points earned.  It should be noted that this study highlights 
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the difficulty of obtaining initial cost data as only 29% of the sample buildings had sufficient 
data to calculate the initial green premium.  However, by obtaining initial cost data from the 
USGBC, the U.S. Department of Energy’s Office of Energy Efficiency & Renewable Energy, 
and BuildingGreen.com databases, it is found that the mean green premium was 4.1% based on 
this 29% of sample buildings.  D’Antonio (2007) reviewed 11 buildings of various types 
pursuing LEED-NC version 2.1 in Colorado. The researcher had discussions with the design 
teams and used data collected to find an upfront green premium ranging from 1% to 6% for nine 
of the 11 buildings, which provided data for calculating upfront building costs.  However, a 
limitation of this study is that a portion of the data collected is based on discussions with design 
teams, which may be biased.   
Case studies have also been performed that uncover the upfront green premium.  Stegall 
and Dzombak (2004) test the hypothesis that LEED-certified building construction is more costly 
than conventional building construction by analyzing the New House at Carnegie Mellon 
University, the first LEED-certified silver university residence hall in the United States.  They 
found an upfront green premium ranging from 1% to 2.8% based on exact costs and cost ranges 
provided by engineers, architects, and subcontractors for specific LEED credits for New House.  
Each LEED credit, where applicable, is assigned with an extra first cost or cost range.  A 
limitation of this study is that zero is shown where there is no extra cost for certain credits.  It 
does not seem to account for any savings associated with each credit.  Also, IHEs may select 
different credits based on the type of building and location of their campus, which may affect 
upfront building costs.  Livaich (2010), who performed a case study of a LEED-certified gold 
office building in Sacramento, California, found a 3.1% upfront green premium.  Again, it 
should be noted that LEED costs are added to the original categories of costs with a zero shown 
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if there is no additional building category cost.  Therefore, this study also does not seem to 
account for any potential LEED building savings associated with various cost categories. 
There have also been mixed results when examining the upfront green premium.  
Matthiessen and Morris (2004) examined the cost of going green with LEED used as the basis 
for determining the level of sustainable design.  The study was conducted by comparing 
construction costs, with time and location normalized to ensure consistent comparisons, for 93 
non-LEED buildings and 45 similar LEED-seeking buildings across three building types: 
libraries, laboratories, and academic classroom buildings.  They discovered that many projects 
are achieving LEED certification within budget and within cost ranges comparable to non-LEED 
projects, and the authors stressed that there are high-cost and low-cost green buildings.  
Matthiessen and Morris (2007) re-examined the cost of going green with LEED used as the basis 
for determining the level of sustainable design.  The study was conducted by comparing 
construction costs, with time and location normalized to ensure consistent comparisons, for 138 
buildings not having a goal of LEED certification and 83 similar buildings with the goal of 
meeting some level of LEED certification across five building types: academic buildings, 
laboratories, libraries, community centers, and ambulatory care facilities.  The researchers found 
there is a continuing problem with the perception that green is an added feature and, therefore, an 
added cost.  They also discovered that many projects are achieving LEED certification within 
budget and within cost ranges comparable to non-LEED projects.  While some buildings may 
follow the green building process, they may not bother to seek LEED certification.  This can be a 
potential reason for the comparable cost ranges of LEED and non-LEED projects and should be 
looked at in future research.   
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Houghton, Vittori, and Guenther (2009) assessed 13 LEED-certified and LEED-
registered healthcare construction projects and found mixed results.  From data submission and 
interviews with the project teams, the actual upfront green premium ranged from 0% to 5% 
without financial incentives and from 0% to 3.8% after financial incentives.  This study 
highlights the idea that financial incentives, such as grants, can make a big difference in deciding 
on whether to pursue LEED certification.  Miller, Spivey, and Florance (2008) found conflicting 
results when they performed a study comparing LEED-certified versus non-LEED-certified 
office buildings.  According to anecdotal surveys of 26 respondents whose buildings meet the 
minimum LEED certification requirements, the authors found the additional cost to be about 3% 
versus 0%.This study should be considered with caution because the results are based on 
anecdotal surveys.   
Figure 2. Extra costs to become LEED certified, as of 2007, excluding certification fees.  
 
Source: Miller et al., 2008, p. 391 
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Table 2 
Literature Review Summary - Green Building Premium 
Reference Study Population Study Method Results 
Cupido, Baetz, 
Pujari, and 
Chidiac  (2010) 
213 senior facility 
professionals in the United 
States and Canada for 
quantitative web-based 
surveys and 24 respondents 
from the quantitative web-
based survey for the 
qualitative follow-up 
telephone interviews 
Quantitative web-based 
surveys and qualitative 
follow-up telephone 
interviews 
Found perceived upfront 
green premium 
D’Antonio 
(2007) 11 buildings of various 
types pursuing LEED-NC 
version 2.1 in Colorado 
Based on discussions with 
the design teams and data 
collected 
Confirmed actual upfront 
green premium; ranged 
from 1% to 6% for nine of 
the 11 buildings that 
provided data for 
calculating upfront 
building costs 
Houghton, 
Vittori, and 
Guenther 
(2009) 
13 LEED-certified and 
LEED-registered healthcare 
construction projects 
Data submission and 
interviews with the project 
teams 
Mixed results: actual 
upfront green premium 
ranged from 0% to 5% 
without financial 
incentives; from 0% to 
3.8% after financial 
incentives 
Kats, Alevantis, 
Berman, Mills, 
and Perlman 
(2003) 
33 green buildings with no 
defined building sector in 
California  
Obtained costs from 
building representatives 
and architects 
Confirmed actual upfront 
green premium; average of 
33 buildings = 1.84% 
Kats (2006) 
30 K-12 green schools 
constructed between 2001 
and 2006 within 10 states 
Obtained cost reports for 
the difference between 
green and conventional 
construction of the same 
building generally 
provided by architects  
Confirmed actual upfront 
green premium; average of 
30 school buildings = 
1.65% 
Kats, Braman, 
and James 
(2010)  
170 green buildings across 
multiple sectors in 33 states 
and eight countries 
completed between 1998 
and 2009 
Obtained costs from 
building representatives 
and architects 
Confirmed actual upfront 
green premium; median of 
1.5% 
Livaich (2010) LEED-certified gold office 
building in Sacramento, CA 
Case study; each building 
cost category, where 
applicable, was assigned 
with an extra first cost 
Confirmed actual upfront 
green premium of 3.1% 
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Matthiessen 
and Morris 
(2007) 
221 buildings (of which 83 
were designed with goal of 
meeting some level of 
LEED certification; 138 did 
not have goal of LEED 
certification) across five 
building types: academic 
buildings, laboratories, 
libraries, community 
centers, and ambulatory 
care facilities 
Compared construction 
costs between LEED-
buildings and similar non-
LEED buildings with time 
and location normalized to 
ensure consistent 
comparisons 
Conflicting results 
Matthiessen 
and Morris 
(2004) 
138 buildings (93 non-
LEED and 45 LEED-
seeking) across three 
building types: libraries, 
laboratories, and academic 
classroom buildings 
Compared construction 
costs between LEED-
buildings and similar non-
LEED buildings with time 
and location normalized to 
ensure consistent 
comparisons 
Conflicting results 
Miller, Spivey, 
and Florance 
(2008) 
26 office-sector 
respondents whose 
buildings meet the 
minimum LEED 
certification requirements 
Data was supplied by the 
USGBC and anecdotal 
surveys  
Conflicting results 
Nyikos, Thal, 
Hicks, and 
Leach (2012)  
160 LEED-certified 
buildings with building 
sector not being 
distinguished 
Obtained initial cost data 
from USGBC, U.S. 
Department of Energy’s 
Office of Energy 
Efficiency & Renewable 
Energy, and 
BuildingGreen.com 
databases 
Confirmed actual upfront 
green premium; mean of 
4.1% 
Richardson and 
Lynes (2007)  
University of Waterloo Two-part qualitative 
approach Found perceived upfront 
green premium 
Stegall and 
Dzombak 
(2004) 
New House residence hall 
at Carnegie Mellon 
University 
Case study; each LEED 
credit, where applicable, 
was assigned with an extra 
first cost 
Confirmed actual upfront 
green premium; ranging 
from 1% to 2.8% 
 
Green building operating costs.  When reviewing the down-the-line green building 
operating costs, results are based on estimated and actual costs.  Table 3 summarizes the studies 
addressing green building operating costs.  Kats et al. (2003) found that energy savings alone 
justify the upfront green premium cost.  Furthermore, by completing a cost-benefit analysis, 
typical down-the-line savings are about 10 times more than the initial upfront green premium.  
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The estimated energy savings, compared with the minimum energy code requirements, are 30%, 
and estimated water savings are 30% indoor savings and 50% outdoor landscaping savings.  
However, it should be noted that the energy and water savings are based on an average reduction 
provided by the USGBC, not based on the sample in the study.  Kats (2006) found that K-12 
schools who build green buildings can directly save $12 per square foot over the life of the 
building, which produces a positive net present value (NPV) because the upfront green premium 
is $3 per square foot.  Energy and water savings, which are based on actual and estimated figures, 
compared with conventional design, are 33.4% and 32.1%, respectively.  Kats et al. (2010) found 
that the NPV of a typical green school is about $5 per square foot just for energy and water 
savings.  The energy use median reduction is 34%, and the water use median reduction is 39%.  
The baseline for energy and water savings is relied on from LEED guidelines.  A limitation of 
this study is there are voluntary study participants sharing certain types of data, which can create 
a potential bias in the selection of buildings.  Also, the data set does not precisely represent the 
national population of green buildings.  Furthermore, this study does not compare actual to 
projected performance.   
Various other studies also reported positive energy and water savings.  Nyikos et al. 
(2012) found that LEED-certified buildings have lower operating costs than non-LEED buildings 
with energy cost reductions of 31% and water cost reductions of 26.2%, when compared with 
non-LEED buildings designed and built to code.  It is important to note that the utility data 
provided in this study did not specify if the figures were based on actual or estimated costs.  
D’Antonio (2007) finds all 11 buildings pursuing LEED-certification in Colorado were built to at 
least 20% better than ASHRAE 90.1-2001 requirements.  However, the energy savings reported 
30 
 
are based on forecasts versus actual figures in the majority of these buildings.  Therefore, actual 
figures need to be looked at to see if there are truly operating cost savings.   
Livaich (2010) found actual annual energy savings of $66,900 in the LEED-certified gold 
office building examined in the case study when compared with the baseline of a standard Title 
24 HVAC system, which is California’s code of regulations for energy efficiency.  When taking 
these annual savings into account with the initial upfront green premium, the NPV is $482,900.  
Turner and Frankel (2008) analyzed the actual energy performance of 121 U.S. LEED NC 
buildings of various types by comparing the sample to the national building stock, as provided by 
Commercial Building Energy Consumption Survey (CBECS), Energy Star ratings, and initial 
design and baseline modeling.  The researchers found that the median energy use is 24% below 
the CBECS baseline.  The average Energy Star rating of the sample was more favorable at 68, 
compared with the median rate of 50 for the national building stock.  Energy savings average 
28% when compared with baseline modeling, which is near the initial design modeling of 25% 
savings.  However, there is wide variation within individual building results (Hewitt, Turner, & 
Frankel, 2008).  Scofield (2009a) points out several flaws within Turner and Frankel’s (2008) 
study and comes to different conclusions than the original study.  For example, when comparing 
“medium-energy” buildings in both datasets, Scofield (2009a) finds that LEED medium-energy 
buildings use 10% less site energy on average, but there is no reduction in primary energy, which 
is correlated with greenhouse gas emission. 
Cotera (2011) analyzed two LEED-certified buildings on the campus of the University of 
Florida and found that both actual energy and water consumption were lower than the code 
standards baseline.  Water use for both buildings and energy use for one of the two buildings was 
lower than the forecasted design.  However, it should be noted, although in a positive direction, 
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both buildings average a 39% deviation from forecasted energy and water performance.  
Therefore, whether positive or negative, modeled consumption versus actual consumption 
seemed to be an issue with the LEED rating system.  Cotera (2011) notes a limitation that the 
data were collected after the fact, not during the LEED application process and going forward, 
which can cause room for error.  Also, findings from this study cannot be generalized due to the 
size of the sample. 
Stegall and Dzombak (2004) looked at the energy cost implications for Carnegie Mellon 
University’s New House, the first LEED-certified silver university resident hall in the United 
States, based on energy modeling, and they found mixed results.  When compared with the 
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 90.1 
baseline, there is a 33% increase in energy efficiency.  While the researchers noted that a new 
residential building on the Carnegie Mellon campus would have been more energy efficient than 
the ASHRAE 90.1 baseline even if LEED certification was not being sought, they found that 
New House is 20.3% to 24.2% more energy efficient than similar residence halls at Carnegie 
Mellon without a heat recovery system.  It should be noted that the heat recovery system in New 
House greatly influences energy figures.  When compared with a similar non-LEED Carnegie 
Mellon building with a heat recovery system, energy use is 6% to 12% more in New House 
(Stegall & Dzombak, 2004).  Stegall and Dzombak note that the reason for any increased energy 
costs is the LEED requirement for increased fresh outdoor air supply to the student rooms. A 
limitation of this study is that energy use is based on estimates and not actual consumption. 
There have also been mixed results when researchers looked at actual operating costs for 
LEED-certified buildings.  Turner (2006) compared actual utility results to design, baselines that 
are approximate to code, and Energy Star median for 11 LEED-certified buildings of various 
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types in the Pacific Northwest.  Six of 11 buildings use less energy than design; all buildings use 
less energy than baseline; and nine of 11 buildings use less energy than the Energy Star median.  
Six out of seven buildings in which water projections are available use more water than design; 
four out of seven buildings save more than 8% compared with baseline.  A limitation of this 
study, as noted with others, is that the sample size is too small to make generalizations.  
However, it should be noted that there were not many LEED-certified buildings in this region 
that were in operation for more than a year when this study was performed.  Turner (2006) also 
notes that further analysis of changes between the design and as-built systems, as well as 
calibration for actual occupant behavior, should be examined to offer more precise findings.   
Newsham, Mancini, and Birt (2009) examined whether LEED-certified buildings are 
living up to their expectations by re-analyzing 100 LEED-certified buildings of various types and 
comparing them with the general U.S. commercial building stock using data supplied from the 
Turner and Frankel (2008) study.  On average, the sample uses less energy when compared with 
the general U.S. commercial building stock.  However, depending on the parameters of the 
comparison, 28% to 35% of the LEED-certified buildings use more energy than conventional 
buildings.  The baseline is the mean energy use intensity in the CBECS database.  Scofield 
(2009b) critiqued the study by Newsham et al. (2009), stressing that it depends how mean energy 
intensity is defined in reaching results, and that energy consumed off site for a particular building 
should be included.  When this is taken into account, Scofield (2009b) argued that LEED-
certification has not lowered energy consumption in the Newsham et al. (2009) sample.   
Menassa, Mangasarian, El Asmar, and Kirar (2011) examined actual energy consumption 
of 11 U.S. Navy buildings of various types and found that the majority of LEED-certified 
building sample consumed more energy than the CBECS national average, and only two 
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buildings in the sample comply with a government mandate that government departments reduce 
energy consumption by 30% by 2015.  In regards to water consumption, seven out of the nine 
buildings that provided adequate water consumption figures meet the government mandate for 
water consumption reduction by achieving water consumption savings greater than 15%.   
There have also been negative results when looking at actual energy performance of 
LEED-certified buildings.  Scofield (2002) examined the first 24 months of energy performance 
of the Adam Joseph Lewis Center, a 13,600-square-foot, all-electric, two-story classroom 
building, which was completed in January 2000 and was the first green building at Oberlin 
College in Ohio.  Important findings of the study include energy consumption is three times 
higher than the original projection; there were no energy benefits for the first 24 months of the 
building’s operation; and the levels of energy consumption and pollution of this green building 
are similar to other buildings on campus.  However, Scofield (2002) noted that major HVAC 
problems were the primary reason for the higher-than-expected energy consumption.  A 
limitation of this study is that it was published in 2002, and HVAC technology has come a long 
way since this study.  
Mendon’s (2009) case study looked at the actual versus projected energy performance at 
the Wildlife Resources Commission LEED-certified gold building located on the campus of 
North Carolina State University.  Actual energy consumption was found to be much higher than 
projections, with actual annual energy consumption 55% higher than design projections during 
the design phase.  Mendon (2009) recommends LEED adoption of a more accurate rating system 
that focuses on actual versus strictly projected consumption  A limitation of this study, as is the 
case with many other studies thus far, is that it is a case study, so the results cannot be 
generalized to a larger population.   
34 
 
Oates and Sullivan (2011) analyzed a sample of 25 LEED-NC buildings of various types 
in Arizona to measure energy efficiency within hot and dry climates.  The actual energy 
efficiency of the sample was below design and baseline energy use simulations.  Furthermore, 
when actual energy performance of the sample of LEED-certified buildings was compared with 
CBECS data, it was found that the sample performed better than the national average of non-
LEED certified buildings but worse than non-LEED certified buildings in similar climates.  
Table 3 
Literature Review Summary - Green Building Operating Costs  
Reference Study Population Study Method Results 
Cotera (2011) Two LEED-certified 
buildings at the 
University of Florida 
Analyzed actual energy 
and water consumption 
compared with their 
LEED application 
predictions and the code 
standards baseline 
Energy use for both buildings 
below baseline: 1 of 2 below 
prediction.  Water use for both 
buildings below baseline and 
prediction 
D’Antonio 
(2007) 11 buildings of 
various types 
pursuing LEED-NC 
version 2.1 in 
Colorado 
Analyzed energy 
consumption compared 
with ASHRAE 90.1-
2001 baseline 
requirements.  Based on 
forecasts versus actual 
consumption in the 
majority of these 
buildings  
All buildings built to at least 20% 
better than ASHRAE 90.1-2001 
requirements 
Kats (2006) 30 K-12 green 
schools constructed 
between 2001 and 
2006 within 10 states 
Cost-benefit analysis $12 per square foot can be directly 
saved by K-12 schools that build 
green buildings over the life of the 
building. Positive NPV because 
upfront green premium = $3 per 
square foot.  Energy savings = 
33.4%, and water savings = 32.1%.  
Savings based on actual and 
estimated consumption compared 
with conventional design 
Kats, Alevantis, 
Berman, Mills, 
and Perlman 
(2003) 
33 green buildings 
with no defined 
building sector in 
California 
Cost-benefit analysis Savings are about 10 times more 
than the initial upfront green 
premium.  Estimated energy 
savings of 30% and estimated 
indoor water savings of 30% and 
50% outdoor landscaping savings.  
Energy savings based on 
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comparison with minimum energy 
code requirement, as provided by 
USGBC.  Water savings %s as 
provided by USGBC.  Neither 
savings are based on the sample 
Kats, Braman, 
and James 
(2010)  
170 green buildings 
across multiple 
sectors in 33 states 
and eight countries 
completed between 
1998 and 2009 
Cost-benefit analysis NPV of a typical green school 
including just energy and water 
savings is about $5 per square foot; 
energy use median reduction of 
34%; water use median reduction 
of 39%.  Baseline for energy and 
water savings relied on from 
LEED guidelines 
Livaich (2010) 
LEED-certified gold 
office building in 
Sacramento, CA 
Case study; cost-benefit 
analysis $66,900 annual savings in 
electricity versus standard Title 24 
HVAC system; positive NPV of 
$482,900 
Menassa, 
Mangasarian, 
El Asmar, and 
Kirar (2011) 
11 U.S. Navy 
buildings of various 
types 
Compared sample actual 
energy and water costs 
to CBECS and 
government mandate for 
water consumption 
reduction 
Majority of LEED-certified 
building sample consumed more 
energy than the CBECS national 
average.  Seven out of the nine 
buildings that provided adequate 
water consumption figures meet 
the government mandate for water 
consumption reduction by 
achieving water consumption 
savings greater than 15% 
Mendon (2009) Wildlife Resources 
Commission LEED-
certified gold 
building located on 
the campus of North 
Carolina State 
University 
Case study; compared 
actual versus projected 
energy performance  
Actual energy consumption was 
found to be much higher than 
projections, with actual annual 
energy consumption 55% higher 
than design projections during the 
design phase 
Newsham, 
Mancini, and 
Birt, (2009) 
100 LEED-certified 
buildings of various 
types 
Compared actual energy 
use of sample to general 
U.S. commercial 
building stock  
On average, less energy is used, 
but depending on the parameters of 
the comparison, 28% to 35% of the 
LEED-certified buildings use more 
energy than conventional buildings 
Nyikos, Thal, 
Hicks and 
Leach (2012)  
160 LEED-certified 
buildings with 
building sector not 
being distinguished 
Compared utility data of 
sample to non-LEED 
buildings designed and 
built to code 
Energy cost is reduced by 31% and 
water cost reductions by 26.2% 
when compared with non-LEED 
buildings designed and built to 
code 
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Oates and 
Sullivan (2011) 
25 LEED-NC 
buildings of various 
types in Arizona 
Compared actual energy 
data to design and 
baseline energy use 
simulations, as well as 
CBECS  
Actual energy efficiency of the 
sample was below design and 
baseline energy use simulations.  
Sample performed better than the 
national average of non-LEED 
certified buildings but worse than 
non-LEED certified buildings in 
similar climates when compared 
with CBECS data 
Scofield (2002)  The Adam Joseph 
Lewis Center at 
Oberlin College 
Case study; compared 
actual energy 
performance to 
projections and similar 
buildings on campus 
No energy benefits for the first 24 
months of the building’s operation, 
and the levels of energy 
consumption and pollution of this 
green building are similar to other 
buildings on campus 
Stegall and 
Dzombak 
(2004) 
New House residence 
hall at Carnegie 
Mellon University 
Case study; compared 
energy modeling to 
ASHRAE 90.1 baseline, 
similar Carnegie Mellon 
building without heat 
recovery system, and 
similar Carnegie Mellon 
building with heat 
recovery system 
When compared with ASHRAE 
90.1 baseline, there was a 33% 
increase in energy efficiency; 
20.3% to 24.2% more energy 
efficient than similar residence 
halls at Carnegie Mellon without a 
heat recovery system; energy use is 
6% to 12% more when compared 
with a similar non-LEED Carnegie 
Mellon building with a heat 
recovery system 
Turner (2006) 11 LEED-certified 
buildings of various 
types in the Pacific 
Northwest 
Compared actual utility 
results to design, 
baseline (approximate to 
code), and Energy Star 
median 
Six of 11 buildings use less energy 
than design; all buildings use less 
energy than baseline; nine of 11 
use less energy than Energy Star 
median.  Six out of seven (only 
seven buildings had water 
projections available) use more 
water than design; four out of 
seven buildings save more than 8% 
compared with baseline 
Turner and 
Frankel (2008) 
121 U.S. LEED-
certified buildings of 
various types 
Compared actual energy 
consumption to the 
national building stock, 
as provided by CBECS, 
Energy Star ratings, and 
initial design and 
baseline modeling 
Median energy use is 24% below 
the CBECS baseline.  The average 
Energy Star rating of the sample is 
more favorable, at 68, compared 
with the median rate of 50 for the 
national building stock.  Energy 
savings average 28% when 
compared with baseline modeling, 
which is near the initial design 
modeling of 25% savings 
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Deficiencies in the Studies 
Many of the studies previously mentioned are outside of the higher education sector, but 
they can be applied to the higher education sector because an IHE has various building types on 
its campus.  However, much of the reviewed literature does not focus on campus green building.  
For example, Miller et al. (2008) performed a study on a sample of office buildings, but initial 
construction costs and operating costs for the full lifecycle need to be examined at IHEs because 
a campus typically does not move based on occupancy, rental rates, and sales per square foot.  In 
other words, full lifecycle economics need be looked at in the higher education sector, which 
would mean review of initial construction costs and operating costs of LEED-certified versus 
non-LEED-certified buildings because the building will most likely be owned by the university 
its whole life. 
The studies that have been done relating to campus LEED-certified buildings are case 
studies.  Also, multiple case studies reviewed are outdated: Scofield’s study was published in 
2002, and Stegall and Dzombak’s study was published in 2004.  Since then, multiple newer 
LEED versions have been approved and implemented, and many more LEED-certified buildings 
have been constructed.  Therefore, more recent studies need to be done focusing on the higher 
education sector.  Furthermore, although there have been studies done with a sample of LEED-
certified buildings, there is no existing literature of a comprehensive cost-benefit analysis of a 
sample of LEED-certified campus buildings nationwide.   
In addition to the lack of focus on the higher education sector and the small sample sizes 
used in the extant higher-education-focused studies, multiple baselines are used in the existing 
literature when comparing operating costs of LEED to non-LEED buildings. As seen in the 
literature, the baseline selected for comparison can significantly influence results.  It would be 
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helpful to use one common baseline when measuring operating costs so buildings can be more 
easily compared.  I offer that LEED-certified buildings should be measured against the baselines 
recommended in the LEED guidelines, which are ASHRAE Standard 90.1 for energy 
consumption and EPAct 1992 for the water use reduction baseline standard. 
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Chapter 3 
Methodology 
Type of Research Design 
This study was conducted using a survey in which the data were collected and then 
analyzed by performing a cost-benefit analysis design over the life of the building.  A cost-
benefit analysis is the correct model to use for this study because LEED-certification takes into 
account both the upfront building costs and down-the-line operating costs.  A cost-benefit 
analysis is an “analytical procedure for determining the economic efficiency of a program, 
expressed as the relationship between costs and outcomes, usually measured in monetary terms” 
(Rossi et al., 2004, p. 424).  The goal of a cost-benefit study is to figure out if the benefits of the 
project justify the costs (Rossi, Lipsey, & Freeman, 2004).  This is done by weighing the 
monetary costs and benefits of a project while taking into account the time value of money.  A 
cost-benefit study can help various stakeholders decide to increase, decrease, or terminate a 
program.  In other words, it can help to justify allocation of resources based on the relationship 
of benefits to costs.   
Cost-benefit studies help to assess the efficiency of a program or project compared with 
known alternatives.  A major strength of this type of analysis is that it makes it possible to 
compare different categories of benefits because all benefits are monetized (Alberini, n.d.).  
According to Mihic, Petrovic, Vuckovic, Obradovic, and Durovic (2012), cost-benefit analysis 
allows for quantification of non-economic benefits, which is a strength because it allows for a 
bigger-picture view.  One main problem with measuring costs and benefits is that, typically, only 
some of the necessary information is available, and the remainder of the information has to come 
from either additional sources or judgments, which can be controversial (Rossi et al., 2004).  For 
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example, reduction in carbon dioxide helps ease global warming, but measuring this reduction 
within projects can be controversial because using different methods of measurement can 
produce different results.  Another major problem with cost-benefit analysis is that it is difficult 
to get all costs and benefits to a common denominator, such as dollars (Rossi et al., 2004).  
Additionally, Alberini (n.d.) states that adequate equity considerations are not reflected in cost-
benefit analyses because they ignore distributional issues, such as wealth. 
The Significance of the Study for Particular Audiences 
A quantitative method study seems appropriate for this research project because it can 
provide a cost-benefit analysis of lifecycle costs for LEED-certified campus buildings. This 
study will help decipher costs and benefits throughout the building lifecycle and evaluate the net 
present value of many campus LEED-certified buildings.  Because there has not been a 
comprehensive study conducted that looks at the costs and benefits of green building across IHEs, 
this study should help policymakers at higher education institutions either considering 
implementing a LEED-certified building or institutions that already have one or multiple LEED-
certified buildings by uncovering lifecycle costs and benefits of LEED-certified campus 
buildings.  Furthermore, this study fills the gap in the literature by providing a comprehensive 
cost-benefit analysis of a sample of LEED-certified campus buildings nationwide, which can 
inform state and federal policymakers who have the ability to provide IHEs incentives, such as 
grants, for upfront costs to build LEED-certified buildings.  
Participants 
The sample was obtained first by identifying the list of LEED-certified campus buildings 
in the United States.  This population was identified by using a database called “Higher Ed 
LEED registered and certified projects,” which can be found on the website of the Center for 
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Green Schools (n.d.), a division of the USGBC.  The database, which was last updated in July 
2013, contains 5,251 listings, which were then filtered to include only non-confidential, United 
States, LEED-NC v2009 projects.  Non-confidential projects were excluded because no project 
information was available to identify a contact person.  This is a limitation to this methodology 
because there may be financial reasons the project earmarked as confidential.  The US filter was 
used because this study solely examined projects within the United States.  The LEED-NC 
v2009 filter was applied because LEED-NC is the appropriate version of LEED applicable for 
the higher education sector for new construction and major renovations of individual buildings.  
Version 2009 was the most recently approved version issued by the USGBC for LEED-NC.   
Once these filters were applied, 1,115 non-confidential projects were removed; 131 
projects outside the United States were removed; and 3,066 projects were removed when the 
LEED-NC v2009 filter was applied. This left 939 projects, of which nine were duplications, and 
one project did not have enough information to identify the project.  Additionally, upon reaching 
out to the contacts in the population, there were 18 who stated they could not participate in the 
research study for reasons such as still being in the schematic stages, not having enough 
operating data on new construction projects, not pursuing LEED certification, and project delays, 
and cancelations.  Therefore, 911 projects remained once these projects were removed from the 
population. 
There were also 31 rows in the database where a master site was listed.  Upon asking 
Jaime Van Mourik, the director of the higher education sector of the U.S. Green Building 
Council, if these master site rows should be counted as a project, she stated “Master Sites are not 
projects but rather a collection of campus credits that apply to individual projects so you 
shouldn’t include them in your count.  I am really glad you e-mailed as I didn’t realize Master 
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Sites were included in the project list. Our data gurus are going to make an update in the system 
so that Master Sites are not included in future project lists.” (J. Van Mourik, personal 
communication, April 17, 2014).  Therefore, 880 projects remained once these projects were 
removed from the population. 
There were 476 IHE listings because there were multiple projects on some campuses.  By 
reviewing the database line by line, there was one project that did not have enough identifying 
information, and it was also the only project for that particular IHE.  Additionally, eight contacts 
who were reached at the IHE stated they could not participate for such reasons as those 
previously listed.  There were also three rows in the database where a master site had no projects 
listed.  Therefore, 464 IHEs remained once these IHEs were removed from the population. 
Due to the initial low response rate of 2.5% (22 valid surveys returned out of 880 
projects), the LEED-NC v2009 filter was removed to include all versions of the LEED-NC rating 
system to increase the sample to a sufficient size.  The project population was 2,586 once the 
LEED-NC v2009 filter was removed and the non-confidential and US filter remained in use.  
Previously contacted IHEs were excluded because the likelihood they would respond was low.  
This was because either they had not responded during the first round of data collection and 
likely would not respond to the second round, or they already responded during the first round of 
data collection and likely would not grant anymore of their time for the second round of data 
collection.   
Upon excluding IHEs previously identified and contacted during the first round of data 
collection, 760 projects remained among 510 IHEs.  After reviewing the database line by line, 
there was one project duplication and 44 projects that did not have enough identifying 
information.  There were zero rows in the database where a master site had no projects listed.  
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Additionally, upon reaching out to the contacts in the population, there were 24 who stated they 
could not participate.  Therefore, 691 projects remained once these projects were removed from 
the sample. 
The population included building types such as laboratories, dormitories, offices, 
core/learning spaces, health care spaces, public assembly spaces, public order spaces, religious 
worship spaces, and retail spaces with square footage ranging from 555 square feet to 1.41 
million square feet.  IHE types included in the population included two-year and four-year 
private and public colleges and universities.  All 50 states, as well as Washington, DC, Guam, 
and Puerto Rico, were represented in the population.   
The participants were directors of facilities or someone in a similar role within the IHE.  
These participants were identified by searching the IHE website and other necessary websites.  It 
should be noted that participation in this study was not random because permission was needed 
from the IHE to obtain the needed data.  Additionally, some IHEs did not cost the building 
conventionally versus LEED-certified and, therefore, did not know what the green premium was.   
Data Collection 
The first phase of the data collection was done by sending out an e-mail to the identified 
participants with LEED-NC v2009 buildings on their campuses (example shown in Appendix C).  
The e-mail contained a link to the data-collection sheet through ASSET, an online survey tool 
created at Seton Hall University.  The second phase of the data collection, which was necessary 
due to the low response rate of the first phase of data collection, employed the same methods.  
However, the e-mail that was sent to the identified participants with prior versions of LEED-NC 
on its campus included the additional language “If you choose to participate, please remember to 
scroll down to the bottom of the survey and press the ‘submit survey’ button upon completion 
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even if you cannot answer all questions.  Any information is helpful.”  This was to try to 
decrease the amount of in-progress surveys during the second round of data collection because 
there were 155 in-progress surveys during the first phase of data collection focusing strictly on 
LEED NC v2009 projects. 
The first round of data collection for the LEED-NC v2009 projects spanned from March 
9, 2014 through May 15, 2014 and included 880 projects among 464 IHEs.  From the first round 
of the survey distribution, the date ranges of the “In Progress” surveys ranged from March 10, 
2014 (the one dated March 8, 2014 was the researcher testing the survey) through April 24, 2014, 
which totaled 46 days.  This shows it was unnecessary to keep the survey open to May 15, 2014.  
Therefore, the second round of data collection for previous LEED-NC versions was open for 46 
days from June 9, 2014 through July 24, 2014 and included 691 projects among 510 IHEs.   
The data-collection sheet was taken from Appendix A of the research study by Kats et al. 
(2010).  Permission was granted to use this instrument during a phone conversation with Jon 
Braman on August 6, 2013 as well as by e-mail on November 18, 2013 (copy of e-mail can be 
found in Appendix E).  The instrument was modified slightly to include LEED rating system 
used, LEED version used, and whether the IHE is public or private; explicitly making it clear not 
to include land cost in the cost of the building; adding the school option to two questions within 
the site section; removing the change in rental rates/occupancy rates/speed of lease-up/sale 
question from the property section because it was not applicable for this study; adding a modeled 
or actual savings question within the water section; and updating the baseline standard for the 
energy section to ASHRAE Standard 90.1-2007 because this is the standard used in LEED-NC 
v2009 versus ASHRAE Standard 90.1-2004.  ASHRAE Standard 90.1 provides the minimum 
energy-efficient design standards for buildings in the United States, except for low-rise 
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residential buildings (Standard 90.1, n.d.).  The water use reduction baseline standard was 
confirmed to still be EPAct 1992, which mandates water conservation requirements (EPAct 1992, 
n.d.).   
The data-collection sheet consisted of the following nine sections: project info, costs, 
energy, water, health/indoor environmental quality, materials, site, property, and other.  The 
data-collection sheet instrument can be found in Appendix B.  It should be noted that the cost 
data collected spanned multiple years because the LEED-certified projects were built in different 
years, and the property type and size varied throughout the sample.  Therefore, all costs and 
benefits were collected as dollar per square foot so they could be compared.   
Validity of the existing instrument, which is the ability to make inferences from the data 
on the instruments, is an important step in rigorous data collection (Creswell, 2009).  According 
to Creswell (2009), there are three ways to validate the modified existing instrument: content 
validity, predictive or concurrent validity, and construct validity.  The survey instrument had 
content validity because the questions contained in the survey instrument were within the limits 
of the area of the study.  For example, question 13 of the survey instrument specifically asked for 
the green premium, which measured the difference between conventional building and the 
LEED-certified building.  Predictive validity was ascertained when looking at the reduction in 
energy use compared with conventional building (question 19) and reduction in water use 
compared with conventional building (question 29) as reductions correlated with LEED 
certification.  Construct validity was achieved with this survey instrument because experts in this 
field developed the instrument and illustrated in their study (Kats et al., 2010) that the survey 
actually measured what it was intended to measure. 
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Reliability of the existing instrument is also essential in rigorous data collection 
(Creswell, 2009).  Reliability was established by including the data-collection instrument in 
Appendix B so readers can see the entire instrument.  Furthermore, reliability was ensured by 
providing the administration of the survey details above, as well as the sample e-mail in 
Appendix C.   
Data Analysis Procedures 
There were three quantitative methods employed to answer the two research questions.  
The first research question, Is there a green premium for LEED-certified campus buildings?, was 
answered by gathering the figures for green premium dollar per square foot from question 13 on 
all data-collection sheets, where available, and calculating the average, median, and mode green 
premium of the sample.  After reviewing the sample for items such as outliers, with the 
possibility of trimming or removing, the most appropriate method was used to measure the 
average green premium of the sample.   
The second quantitative method performed was a net cost-benefit analysis on the sample 
of LEED-certified buildings gathered during the data collection phase of the study to determine 
if the benefits outweighed the costs of LEED-certified campus buildings throughout the building 
lifecycle.  The timeframe used in this study was 25 years.  Kats et al. (2010) conservatively used 
a 20-year time period for their cost-benefit study on all building types within multiple sectors.  A 
critique of using the same time period for all building types and sectors is that it does not account 
for the different uses, purposes, and goals of the building owners.  Because this study focused on 
one sector, the higher education sector, one timeframe seemed appropriate.  Furthermore, the 
costs and benefits were discounted over a timeframe that is longer than the private sector 
considering IHEs use buildings for a longer time period because they tend to be the sole building 
47 
 
owner throughout the building lifecycle.  According to Castaldi (as cited in Chan & Richardson, 
2005), the general life expectancy of a school building is about 50 years.  Also, Weber and 
Kalidas (2004), who perform a cost-benefit case study of a LEED-certified silver residence hall 
at Carnegie Mellon University, mention they modeled the project life from 20 to 40 years, with 
20 years being liberal, and 40 years being a high estimate if the time period does not include 
major renovation.  Therefore, 25 years seemed to still be conservative so benefits were not 
overstated.   
This green premium dollar per square foot was used as the upfront costs of LEED-
certified campus buildings and inputted into year zero of the net cost-benefit analysis.  The net 
energy and water savings were inputted throughout the 25-year timeframe.  Kats et al. (2010) 
used a 7% discount rate and justified this rate by noting, “This rate is equal to or higher than the 
rate at which states, the federal government, and many corporations have historically borrowed 
money, and thus provides a reasonable basis for calculating the current value of future benefits” 
(p. 4).  Because this study focused on strictly the higher education sector, the discount rate used 
was lower.  A discount rate of 3.5% seemed reasonable because the timeframe was not 
intragenerational, and private investment was not crowded out (Moore, Boardman, Vining, 
Weimer, & Greenberg, 2004).   
 Project performance criteria were calculated using net present value (NPV).  NPV was 
calculated by adding all discounted cash flows.  If NPV is greater than 0, the project is profitable.  
If NPV is less than 0, the project is not profitable because investing the money elsewhere would 
be more advantageous.  It is important to note that alternatives, such as using funds on projects 
other than LEED-certified campus buildings, were not measured, which is a limitation of this 
study.  Key variables were identified, which heavily influence the NPV, and then were explored 
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to see if better information was possible.  Furthermore, sensitivity analyses were performed on 
components such as the discount rate, building lifecycle, water savings, and incentives/grants to 
evaluate the impact. 
 There are other indicators that also calculate a project’s performance.  Internal rate of 
return (IRR) calculates the profitability of a project and should be greater than the discount rate 
for a project to be profitable.  Benefit-cost ratio (BCR) is a ratio of the present value of project 
benefits to the present value of costs.  If BCR is greater than one, the project is profitable.  These 
indicators were calculated as well to further present the findings. 
The third quantitative method used was the simple payback method to ascertain the 
payback period for LEED-certified campus buildings.  The simple payback method is an 
evaluation tool that can be used to assess economic feasibility (State of Washington Department 
of Ecology, 2002).  This method takes into account the initial investment costs and the 
subsequent annual cash flows to figure out the amount of time it will take to recover the initial 
project investment (Department of Ecology, 2002).  One critique to note for this method is that 
subsequent savings from a project are not accounted for after the initial investment is paid back 
(Department of Ecology, 2002).  For this reason, a full cost-benefit analysis was also conducted.  
The simple payback method formula is: payback period (in years) = initial investment 
cost/annual operating savings (Department of Ecology, 2002).  In this study, the initial 
investment costs was the green premium.  The annual operating savings were the annual energy 
and water savings. 
Limitations 
 A limitation of this study is there were voluntary study participants sharing certain types 
of data, which can create a potential bias in the selection of buildings.  For example, only IHEs 
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experiencing positive financial results may choose to participate.  Also, the data set did not 
precisely represent the national population of LEED-certified campus buildings.  Furthermore, 
this study did not compare actual to projected energy and water consumption. 
In regards to delimitations, this study did not examine specific credits within the LEED 
checklist (examples can be found in Appendices D-I).  Because IHEs may select different credits 
based on the type of building and location of their campuses, this may affect upfront building 
costs and operating costs, which was not taken into account in this study.  Also, this study used 
the USGBC guidelines for energy and water baselines, although some states and/or localities 
may require higher baselines for conventional buildings.  This can cause overinflated energy and 
water savings because buildings not even considering LEED would have had to build to higher 
standards than these baselines.  Lastly, projects listed as confidential, perhaps due to negative 
financial outcomes, could not be used as part of the population because there was no information 
to identify the project or a contact.  This could cause the costs of this study to be understated and 
savings overstated. 
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Chapter 4 
Results 
The results of the data analysis are presented in three sections.  The first section provides 
a description of the respondents.  The second section presents the data and findings, which first 
calculate the mode, median, and mean green premium of the sample.  They then provide a net 
cost-benefit analysis on the sample of LEED-certified buildings gathered during the study’s data 
collection phase to determine if the benefits outweighed the costs of LEED-certified campus 
buildings throughout the building lifecycle.  They also determine the payback period for LEED-
certified campus buildings by using the simple payback method.  The third section provides 
sensitivity analyses to show the impact of various variables on the results. 
Profiles of the Respondents 
There were 42 valid surveys completed and 249 in-progress surveys.  This represents a 
2.67% response rate.  The population in regards to LEED-NC version distribution follows in 
Table 4. 
Table 4 
Population LEED-NC Version Distribution 
Rating System N % of Total 
LEED NC 1.0 1 0.06% 
LEED NC 2.0 18 1.15% 
LEED NC 2.1 78 4.96% 
LEED NC 2.2 594 37.81% 
LEED-NC v2009 880 56.02% 
Total 1,571  100.00% 
 
The sample in regards to LEED-NC version distribution is illustrated in Table 5. 
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Table 5 
Sample LEED-NC Version Distribution 
Rating System n % of Total 
LEED NC 1.0 2 5.56% 
LEED NC 2.0 2 5.56% 
LEED NC 2.1 1 2.78% 
LEED NC 2.2 20 55.56% 
LEED-NC v2009 11 30.56% 
Total 36  100.00% 
Missing 6 
  
 
All new construction rating systems were represented in both the population and sample.  
However, the sample shows two LEED NC 1.0 ratings, whereas there is only one LEED NC 1.0 
rating in the population.  Therefore, there is either an error in the population database, or the 
respondent reported incorrect data.  It is interesting to note that the rating system with the largest 
percentage of projects within the population is LEED-NC v2009 but that LEED NC 2.2 
represents the largest percentage of projects in the sample.  This could be due to the lack of data 
for many LEED-NC v2009 projects due to their newness.  It is also interesting to note that there 
were six missing responses for this question, representing 14.29% of the sample.  These missing 
responses, and all others resulting from this survey, could be due to the lack of education on the 
different types of LEED versions on the director of facilities’ part.  Perhaps more knowledge 
needs to be imparted regarding LEED to involved employees at the IHEs. 
The population in regards to state distribution by project is shown in Table 6. 
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Table 6 
Population LEED-NC State Distribution 
State N % of Total 
AK 1 0.06% 
AL 13 0.83% 
AR 20 1.27% 
AZ 22 1.40% 
CA 207 13.18% 
CO 32 2.04% 
CT 15 0.95% 
DC 13 0.83% 
DE 2 0.13% 
FL 86 5.47% 
GA 39 2.48% 
GU 3 0.19% 
HI 5 0.32% 
IA 16 1.02% 
ID 2 0.13% 
IL 55 3.50% 
IN 39 2.48% 
KS 2 0.13% 
KY 10 0.64% 
LA 10 0.64% 
MA 50 3.18% 
MD 37 2.36% 
ME 12 0.76% 
MI 38 2.42% 
MN 18 1.15% 
MO 23 1.46% 
MS 7 0.45% 
MT 5 0.32% 
NC 81 5.16% 
ND 4 0.25% 
NE 10 0.64% 
NH 5 0.32% 
NJ 22 1.40% 
NM 37 2.36% 
53 
 
NV 6 0.38% 
NY 125 7.96% 
OH 70 4.46% 
OK 9 0.57% 
OR 37 2.36% 
PA 71 4.52% 
PR 2 0.13% 
RI 9 0.57% 
SC 24 1.53% 
SD 14 0.89% 
TN 12 0.76% 
TX 70 4.46% 
UT 14 0.89% 
VA 59 3.76% 
VT 14 0.89% 
WA 65 4.14% 
WI 19 1.21% 
WV 5 0.32% 
WY 5 0.32% 
Total     1,571  100.00% 
 
The sample in regards to state distribution by project is illustrated in Table 7. 
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Table 7 
Sample LEED-NC State Distribution 
State n % of Total 
CA 10 23.81% 
CO 1 2.38% 
DC 1 2.38% 
FL 3 7.14% 
ID 1 2.38% 
IL 1 2.38% 
MA 1 2.38% 
ME 2 4.76% 
MI 1 2.38% 
NC 1 2.38% 
NH 1 2.38% 
NJ 1 2.38% 
NM 1 2.38% 
NY 5 11.90% 
OR 1 2.38% 
PA 1 2.38% 
RI 1 2.38% 
TX 4 9.52% 
UT 1 2.38% 
WA 4 9.52% 
Total 42 100.00% 
 
All 42 respondents answered question 1 regarding in which U.S. state the building is 
located.  Not all states were represented in the sample.  However, California had the most 
buildings represented in both the population and sample, and New York had the second-highest 
number of buildings represented in both the population and sample. 
The sample in regards to type of construction by project is shown in Table 8. 
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Table 8 
Sample Type of Construction Distribution 
Type of Construction n % of Total 
New construction 37 88.10% 
Renovation 5 11.90% 
Total 42 100.00% 
 
All 42 respondents answered question 2 regarding type of construction.  The majority of 
projects were new construction.  This is likely due to the relative newness of the LEED rating 
system in the higher education sector, which has only been employed since its public release in 
2000 (J. Van Mourik, personal communication, September 16, 2013).  Additionally, only major 
renovations such as major HVAC improvements, significant building envelope modifications, 
and major interior rehabilitation qualify under the new construction requirement for LEED 
(United States Green Building Council, 2014).  IHEs may pursue a different LEED rating for 
smaller renovation projects, or IHEs may be growing and need new building space, so new 
construction versus renovation is more likely.   
Table 9 shows sample in regards to LEED level or equivalent by project. 
Table 9 
Sample LEED Level or Equivalent Distribution 
LEED Level or Equivalent n % of Total 
Certified 2 5.00% 
Silver 13 32.50% 
Gold 14 35.00% 
Platinum 11 27.50% 
Total 40 100.00% 
Missing 2 
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 Forty respondents answered question 3 regarding LEED level or equivalent.  There are 
four levels of LEED certification, with certified being the lowest, and platinum being the highest, 
as can been seen below in Figure 3.  The majority of projects in this research study were either 
gold or platinum.  It is interesting to note there were two missing responses for this question, 
representing 4.76% of the sample.  
Figure 3. Typical LEED-level certification thresholds.  
 
Source: http://www.usgbc.org/LEED/. 
The sample in regards to LEED points or equivalent by project is illustrated in Table 10. 
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Table 10 
Sample LEED Version and LEED Level Distribution 
LEED Version 
# of LEED Points or 
Equivalent 
LEED Level or Equivalent 
(Based on LEED Version) 
LEED NC 2.2 34 Silver (33-38 points) 
LEED NC 2.1 34 Silver (33-38 points) 
LEED NC 2.2 39 Gold (39-51 points) 
LEED NC 2.2 39 Gold (39-51 points) 
LEED NC 2.2 40 Gold (39-51 points) 
LEED NC 2.2 42 Gold (39-51 points) 
LEED NC 2.2 42 Gold (39-51 points) 
LEED NC 2.2 46 Gold (39-51 points) 
LEED-NC 
v2009 50 Silver (50-59 points) 
LEED NC 2.2 51 Gold (39-51 points) 
LEED NC 2.2 52 Platinum (52-69 points) 
LEED NC 2.2 53 Platinum (52-69 points) 
LEED-NC 
v2009 54 Silver (50-59 points) 
LEED NC 2.2 54 Platinum (52-69 points) 
LEED-NC 
v2009 57 Silver (50-59 points) 
LEED-NC 
v2009 64 Gold (60-79 points) 
LEED-NC 
v2009 65 Gold (60-79 points) 
LEED-NC 
v2009 87 Platinum (80-110 points) 
Missing 24   
 
Twenty-seven respondents answered question 4 regarding LEED points or equivalent.  
Nine respondents did not have this information due to the project or the certification process 
being incomplete.  Therefore, 18 respondents answered question 4 with actual LEED points, 
representing 42.86% of the respondents.  LEED points ranged from 34 through 87.  It should be 
noted that LEED points corresponding to LEED levels vary depending on the LEED version, as 
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illustrated in Table 10.  It is interesting to note there were 24 missing responses for this question 
representing 57.14% of the sample.  
Table 11 shows sample in regards to LEED type by project. 
Table 11 
Sample LEED Type Distribution 
LEED Type n % of Total 
NC 38 95.00% 
EB 1 2.50% 
CS 0 0.00% 
CI 1 2.50% 
ND 0 0.00% 
Total 40 100.00% 
Missing 2   
 
Forty respondents answered question 5 regarding LEED type.  There were two missing 
responses for this question, representing 4.76% of the sample.  It is also interesting to note that 
the projects were listed under NC versions of LEED in the database used to identify participants.  
Therefore, answers should only be NC.  Because two responses came back with choices other 
than NC, it proves that either the database or respondent is inaccurate.   
The sample in regards to LEED version by project is illustrated in Table 12. 
Table 12 
Sample LEED Version Distribution 
LEED Version n % of Total 
LEED NC 1.0 2 5.56% 
LEED NC 2.0 2 5.56% 
LEED NC 2.1 1 2.78% 
LEED NC 2.2 20 55.56% 
LEED-NC v2009 11 30.56% 
Total 36 100.00% 
Missing 6 
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Thirty-six respondents answered question 6 regarding LEED version.  There were six 
missing responses for this question, representing 14.29% of the sample.  It is also interesting to 
note that the majority of projects were LEED NC 2.2 and LEED-NC v2009.  This may be due to 
latter LEED NC versions having increased reporting standards and more IHEs starting to use 
LEED as it has gained popularity over the relatively few years it has existed. 
Table 13 shows sample in regards to type of institution by project. 
Table 13 
Sample Type of Institution Distribution 
Type of Institution n % of Total 
Public 29 70.73% 
Private 12 29.27% 
Total 41 100.00% 
Missing 1   
 
Forty-one respondents answered question 11 regarding type of institution.  There was one 
missing response for this question, representing 2.38% of the sample.  The majority of projects 
are at public IHEs.  This may be due to states having a LEED certification policy that applies to 
all new state buildings.  For example, three out of the four states most represented in the sample, 
California, New York, and Washington but excluding Texas, have LEED policy requirements for 
state buildings (USGBC, n.d.). 
Forty-one respondents answered question 7 regarding total building square footage, 
which ranged from 3,300 to 291,451.  Thirty-three respondents answered question 8 regarding 
total site area.  Two respondents did not know the total site area, and the remaining 31 responses 
ranged from less than 1 acre to 96 acres.  Thirty-seven respondents answered question 9 
regarding number of occupants.  Two respondents did not know the number of occupants, and 
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the remaining 35 responses ranged from 2 to 9,500.  Forty respondents answered question 10 
regarding year completed.  Two responses could not be translated to years, and the remaining 38 
responses ranged from 2004 to 2016.  These data show there was a wide range of building 
projects in the sample.   
Presentation of Data and Findings 
Upfront Green Premium 
The average function was employed to answer the first research question pertaining to the 
upfront green premium for LEED-certified campus buildings.  Information was gathered on the 
figure for green premium dollar per square foot from question 13 on all data-collection sheets, 
where available.  Twenty-nine respondents answered question 13 regarding green premium.  
There were 13 missing responses, and another nine respondents noted that information was 
unavailable for this question, representing 52.38% of the sample.  This may be due to the lack of 
reporting requirements in regards to what it costs to build green.  The remaining 20 responses 
regarding the upfront green premium by project can be found in Table 14. 
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Table 14 
Sample Green Premium/SF Distribution 
Green Premium/SF 
$0.00  
$1.47  
$2.00  
$2.45  
$3.75  
$4.68  
$5.39  
$5.40  
$5.41  
$5.50  
$5.56  
$5.66  
$6.43  
$9.93  
$11.03  
$12.00  
$50.00  
$50.00  
$235.00  
$275.00  
 
The responses were reviewed for outliers. Trimming or removing outliers was considered 
but ultimately dismissed because there were multiple very high green premiums $/sf.  The mode, 
median, and mean green premium of the sample were then calculated.  The mode was $50/sf; the 
median was $5.53/sf; and the mean was $34.83/sf.  The values of the mode, median, and mean 
are similar when the distribution of scores is not too skewed (Witte & Witte, 2010).  As seen 
above, this is not the case.  Therefore, the most appropriate measure used to measure the average 
green premium of the sample is the median of $5.53/sf.  Considering there were multiple 
outliers, the median was used to better represent the population because there were outliers that 
positively skewed the average function because the mean exceeds the median.  
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Information was gathered on the green premium dollar per square foot after 
incentives/grants from question 14 on all data-collection sheets where available.  Twenty-eight 
respondents answered question 14 regarding green premium after incentives/grants.  There were 
14 missing responses, and another 12 respondents noted this information was unavailable for this 
question, representing 61.9% of the sample.  The remaining 16 responses regarding the upfront 
green premium after incentives/grants by project can be found in Table 15. 
Table 15 
Sample Green Premium/SF (After Incentives/Grants) Distribution 
Green Premium/SF 
(After Incentives/Grants) 
$0.00  
$0.00  
$0.61  
$2.51  
$3.18  
$3.50  
$4.00  
$4.49  
$4.50  
$4.65  
$4.80  
$4.90  
$5.51  
$7.17  
$12.00  
$16.00  
 
The responses were reviewed for outliers. Trimming or removing outliers was considered 
but not implemented because there were multiple very high green premiums $/sf after 
incentives/grants.  The mode, median, and mean green premium of the sample were then 
calculated.  The mode was $0.00/sf; the median was $4.50/sf; and the mean was $4.86/sf.  Using 
rationale that has previously been stated, the most appropriate measure used to measure the 
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average green premium of the sample is the median of $4.50/sf because there were multiple 
outliers.  
The relationship between LEED level and green premium/sf was reviewed as illustrated 
in Figure 4. 
Figure 4. Relationship between LEED level and green premium/sf after incentives/grants. 
 
 As Figure 4 illustrates, there is no relationship between LEED level and green 
premium/sf.  The lowest and highest green premium $/sf were LEED level silver buildings, and 
LEED level platinum buildings were on the lower and higher end of the green premium $/sf. 
Net Cost-Benefit Analysis 
 To address the second research question of lifecycle benefits versus costs of LEED-
certified campus buildings, a net cost-benefit analysis was performed.  Information was gathered 
on the energy savings per year per square foot from question 22 on all data-collection sheets, 
where available.  Twenty-five respondents answered question 22 regarding energy savings per 
year per square foot.  There were 17 missing responses, and another four respondents noted this 
information was unavailable for this question, representing 50% of the sample.  This may be due 
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to the lack of reporting requirements in regards to what the energy savings are for LEED-
certified buildings, as well as lack of knowledge on the energy savings on the director of 
facilities’ part.  The remaining 21 responses regarding the energy savings per year per square 
foot by project can be found in Table 16. 
Table 16 
Sample Energy Savings/Year/SF Distribution 
Energy Savings 
per Year ($/sf) 
$0.17  
$0.25  
$0.25  
$0.25  
$0.25  
$0.26  
$0.26  
$0.26  
$0.30  
$0.30  
$0.32  
$0.38  
$0.42  
$0.43  
$0.54  
$0.55  
$0.58  
$0.61  
$0.65  
$0.75  
$42.37  
 
The responses were reviewed for outliers.  The response of $42.37 was the sole outlier, so 
it was removed.  Then the mode, median, and mean green premium of the sample were 
calculated.  The mode was $0.26/sf; the median was $0.31/sf; and the mean was $0.39/sf.  Per 
Witte and Witte (2010), the values of the mode, median, and mean are similar when the 
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distribution of scores is not too skewed.  As seen above, this is not the case.  Therefore, the most 
appropriate measure of the sample’s average energy savings per year per square foot is the 
median of $0.31/sf.  This seems reasonable because Kats (2006) finds an average energy savings 
of $0.38/sf.  In this case, the median was used to better represent the population considering the 
distribution is positively skewed because the mean exceeds the median.   
The relationship between LEED level and energy savings per square foot per year was 
reviewed, as illustrated in Figure 5.  
Figure 5. Relationship between LEED level and energy savings $/sf/year. 
 
As Figure 5 illustrates, there is no relationship between LEED level and energy savings 
per square foot per year.  The lowest and highest green premium $/sf are LEED level silver and 
gold buildings, and LEED level platinum buildings were on the lower and higher end of the 
energy savings per square foot per year. 
Information was gathered on the reduction in water use compared with conventional 
building (% below EPAct 1992 baseline) from question 29 on all data-collection sheets, where 
available.  Twenty respondents answered question 29 regarding the reduction in water use 
$-
$0.10 
$0.20 
$0.30 
$0.40 
$0.50 
$0.60 
$0.70 
$0.80 
Si
lv
e
r
P
la
ti
n
u
m
Si
lv
e
r
Si
lv
e
r
P
la
ti
n
u
m
P
la
ti
n
u
m
P
la
ti
n
u
m
P
la
ti
n
u
m
G
o
ld
P
la
ti
n
u
m
Si
lv
e
r
Si
lv
e
r
G
o
ld
G
o
ld
P
la
ti
n
u
m
G
o
ld
G
o
ld
G
o
ld
G
o
ld
G
o
ld
Energy Savings $/sf/Year
66 
 
compared with conventional building (% below EPAct 1992 baseline).  There were 22 missing 
responses; 10 respondents noted this information was unavailable for this question; and two 
responses were not usable, representing 80.95% of the sample.  This may be due to the lack of 
reporting requirements in regards to what the water savings are for LEED-certified buildings, as 
well as the facility directors’ lack of knowledge on the energy savings.  The remaining eight 
responses regarding the water savings per year per square foot by project can be found in Table 
17. 
Table 17 
Sample Water Savings (% below EPAct 1992 Baseline) Distribution 
Water Savings (% Below 
EPAct 1992 Baseline) 
27.00% 
30.00% 
32.00% 
34.10% 
41.30% 
50.70% 
55.30% 
87.60% 
 
The responses were reviewed for outliers, and then the mode, median, and mean green 
premium of the sample were calculated.  There was no mode; the median was 37.7%; and the 
mean was 44.75%.   The values of the mode, median, and mean are similar when the distribution 
of scores is not too skewed (Witte & Witte, 2010), which was not the case in this research study. 
Therefore, the median of 37.7% was the most appropriate measure of reduction in water use 
compared with conventional building (% below EPAct 1992 baseline).  In this case, the median 
was used to better represent the population because the distribution is positively skewed as the 
mean exceeds the median.   
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 The relationship between LEED level and green premium/sf was reviewed, as illustrated 
in Figure 6. 
Figure 6. Relationship between LEED level and annual water savings ($/sf). 
 
As Figure 6 illustrates, there is a relationship between LEED level and water savings per 
square foot per year.  The lower water savings $/sf are LEED level silver buildings, and the 
higher water savings $/sf are LEED level gold and platinum buildings.  
Project performance criteria was calculated using NPV.  The median green premium after 
incentives/grants of $4.50/sf was used as the upfront costs of LEED-certified campus buildings 
and inputted into year zero of the net cost-benefit analysis.  The median annual energy savings of 
$0.31/sf were inputted into years 1 through 25 (see Table 22).  Furthermore, as Kats et al. (2010) 
needed to make assumptions on water rates in their study, assumptions on the water rates for this 
study were also necessary.  Because there is no average water rate tracked within the United 
States higher education sector, the Raftelis 2012 National Water Rate Survey was used to 
determine the water rates; specifically the average monthly water bill for a typical consumer 
using 1,000 cubic feet was estimated at $31.30 (AWWA, 2013).  Because there are 100 square 
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feet when 1,000 cubic feet are converted, the average water rate per square foot used was $0.31.  
The median water savings of 37.7% was used and multiplied by $0.31/sf.  I inputted $0.12/sf into 
years 1 through 25 (see Table 18).   
Table 18 
Cost-Benefit Analysis Using NPV 
Year Net Green 
Premium 
($/sf) 
Net Energy 
Savings  
($/sf) 
Net 
Water 
Savings 
($/sf) 
Net 
Cost/Benefit 
($/sf) 
Discount 
Factor 
Present 
Value 
0 -4.50     -4.50 1.000000000 -4.500000000 
1   0.31 0.12 0.43 0.966183575 0.415458937 
2   0.31 0.12 0.43 0.933510700 0.401409601 
3   0.31 0.12 0.43 0.901942706 0.387835363 
4   0.31 0.12 0.43 0.871442228 0.374720158 
5   0.31 0.12 0.43 0.841973167 0.362048462 
6   0.31 0.12 0.43 0.813500644 0.349805277 
7   0.31 0.12 0.43 0.785990961 0.337976113 
8   0.31 0.12 0.43 0.759411556 0.326546969 
9   0.31 0.12 0.43 0.733730972 0.315504318 
10   0.31 0.12 0.43 0.708918814 0.30483509 
11   0.31 0.12 0.43 0.684945714 0.294526657 
12   0.31 0.12 0.43 0.661783298 0.284566818 
13   0.31 0.12 0.43 0.639404153 0.274943786 
14   0.31 0.12 0.43 0.617781790 0.26564617 
15   0.31 0.12 0.43 0.596890619 0.256662966 
16   0.31 0.12 0.43 0.576705912 0.247983542 
17   0.31 0.12 0.43 0.557203779 0.239597625 
18   0.31 0.12 0.43 0.538361140 0.23149529 
19   0.31 0.12 0.43 0.520155690 0.223666947 
20   0.31 0.12 0.43 0.502565884 0.21610333 
21   0.31 0.12 0.43 0.485570903 0.208795488 
22   0.31 0.12 0.43 0.469150631 0.201734771 
23   0.31 0.12 0.43 0.453285634 0.194912822 
24   0.31 0.12 0.43 0.437957134 0.188321568 
25   0.31 0.12 0.43 0.423146989 0.181953205 
Total -4.50 7.75 3.00 6.25 17.48151459 2.587051275 
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Using a discount rate of 3.5% and a building lifecycle of 25 years, the NPV was 
calculated to be $2.59/sf.  This can be seen in Table 18, which shows the addition of all 
discounted cash flows together.  Because the NPV is greater than 0, LEED-certified campus 
buildings are profitable.  The overall sample justifies LEED certification from a financial 
standpoint, as seen in Table 18. 
 The IRR also was calculated to determine the projects’ performance.  Because the IRR 
was equal to 8.23%, it is greater than the discount rate of 3.5%.  This means LEED-certified 
campus buildings are profitable because the IRR must be greater than the discount rate for a 
project to be profitable.  The BCR, which equals discounted value of incremental 
benefits/discounted value of incremental cost, was 1.58.  Because the BCR is greater than one, 
this indicator also shows LEED-certified campus buildings make sense from a financial 
standpoint.   
Simple Payback Method 
Because the results of the first research question showed a green premium, a payback 
period analysis was warranted.  The simple payback method was used to ascertain the payback 
period for LEED-certified campus buildings.  The simple payback method formula is: payback 
period (in years) = initial investment cost/annual operating savings (Department of Ecology, 
2002).  In this study, the initial investment costs were the green premium of $4.50/sf, and the 
annual operating savings were the annual energy and water savings of $0.43/sf.  The payback 
period is 10.47 years, which is less than the building lifecycle of 25 years.  Again, this warrants 
LEED-certified campus buildings from a financial standpoint. 
Sensitivity Analyses 
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 The discount rate and building lifecycle were identified as key variables, which heavily 
influence the NPV, and they were then explored to see if better information was possible.  Upon 
further research, the assumptions made for the above NPV analysis seems appropriate.  However, 
a sensitivity analyses was performed on components such as the discount rate and building 
lifecycle, as well as incentives/grants and water savings to evaluate the impacts, as can be seen in 
Tables 19 through 22.   
Table 19 
Sensitivity Analysis: Discount Rate 
Discount Rate NPV IRR (%) BCR Payback Period 
(Years) 
2.00% 3.90 8.23% 1.87 10.47 
3.50% 2.59 8.23% 1.58 10.47 
5.00% 1.56 8.23% 1.35 10.47 
 
Table 20 
Sensitivity Analysis: Building Lifecycle 
Building Lifecycle NPV IRR (%) BCR Payback Period 
(Years) 
20 1.61 7.16% 1.36 10.47 
25 2.59 8.23% 1.58 10.47 
30 3.41 8.79% 1.76 10.47 
 
Table 21 
Sensitivity Analysis: Operating Savings 
Operating 
Savings 
NPV IRR (%) BCR Payback Period 
(Years) 
Energy and Water 2.59 8.23% 1.58 10.47 
Strictly Energy 0.61 4.71% 1.39 14.52 
 
Table 22 
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Sensitivity Analysis: Incentives/Grants 
Incentives/Grants NPV IRR (%) BCR Payback Period 
(Years) 
With 2.59 8.23% 1.58 10.47 
Without 1.56 5.94% 1.28 12.86 
 All four variables chosen for the sensitivity analysis were affected when changing the 
variable.  As the discount rate rises, the NPV and BCR decrease.  As the building lifecycle 
increases, the NPV increases along with the NPV, IRR, and BCR.  When water savings are 
removed from the annual operating savings, the NPV, IRR, and BCR decrease.  Conversely, the 
payback period increases.  When incentives/grants are removed from the upfront green premium, 
the NPV, IRR, and BCR decrease, whereas the payback period increases. 
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Chapter 5 
Discussion, Limitations, Recommendations, and Conclusions 
 This chapter provides discussion, limitations, recommendations, and conclusions based 
on the results drawn from the analyses presented in the previous chapter.  Limitations of the 
current study are addressed, and recommendations for future research are put forward.  A 
conclusion of the current study is also completed to illustrate how the findings in this study can 
contribute to the literature and various stakeholders.  This chapter is presented in four sections.  
The first section provides a discussion of the findings from the previous chapter, including the 
profiles of the respondents, upfront green premium, cost-benefit analysis, and sensitivity 
analyses.  The second section presents the limitations of the current study.  The third section 
presents recommendations for future research to address the limitations and findings in this study.  
The fourth section provides the conclusions of the current study. 
Discussion 
Characteristics of the Respondents of the Current Study 
Previous studies have failed to focus on the higher education sector as it relates to LEED-
certified buildings.  Therefore, there was limited literature and data on the subject.  The data 
collected in this study sheds light on this sector as it relates to LEED-certified buildings.  For 
example, the data show there is a wide range of building projects in the sample in regards to size, 
age, LEED level, LEED version, LEED points, and number of occupants.  This wide variety 
illustrates the LEED rating system can be applied across many types of buildings.  However 
application of LEED can also cause issues when attempting to standardize LEED credits because 
each building can be extremely different within one sector, such as higher education.  For 
example, certain LEED credits at IHEs may be harder to obtain in rural versus urban areas, when 
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there are fewer occupants in buildings, etc.  Reaching certain LEED levels, therefore, could be 
more expensive for certain buildings.  Also, some IHEs may be taking into account other 
sustainable building measures, but not using the LEED rating system due to the costs and other 
restrictions to reach LEED certification. 
Another sample characteristic was the amount of new construction versus renovation 
because there were only five renovations out of 42 building projects.  When analyzing a project, 
it may make more financial sense to build new construction versus renovate an existing building, 
even if that may be more beneficial environmentally because fewer new materials are typically 
required.  However, IHEs tend to operate under a different ethos than the private, for-profit 
industry, so it was surprising there were only five renovations out of 42 building projects.  
However, it is also possible that IHEs are growing and need new buildings versus renovated 
existing buildings.  Furthermore, it may be harder to get donors to give money for renovations as 
they may want to write a check for a new building with spaces they can pay to name.  
Results of the Upfront Green Premium 
It is interesting to note there were 13 missing responses, and another nine respondents 
noted information was unavailable for this question, representing 52.38% of the sample.  This 
may be due to the lack of reporting requirements in regards to what it costs to build green.  The 
difference between the cost to build conventional versus to LEED-certified standards need to be 
looked at closer and tracked more effectively.  If the upfront green premium cannot be calculated 
or be compared with a conventional building, perhaps better tracking standards can be 
established to help with this process.  Perhaps standards can be developed to calculate upfront 
green premiums so this additional cost can either be confirmed or denied because the current 
study still shows conflicting upfront green premiums ranging from $0/sf to $275/sf.  By tracking 
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these costs more closely, any upfront green premium can be identified and addressed.  This will 
help fill this gap of knowledge regarding LEED certification building costs.  Hopefully the 
introduction of future LEED versions will help to address this lack of data. 
There were two extremely high outliers in the green premium results of $235/sf and 
$275/sf.  They were kept in the study because there were two extremely high results versus 
solely one.  However, the respondents may have answered in a different measurement versus 
dollar per square foot.  That is why the median was used in this case.  It is also important to note 
this was before incentives/grants.  When looking at the green premium results after 
incentives/grants, these extremely high outliers were no longer an issue, and the green premium 
ranged from $0/sf to $16/sf.  Therefore, incentives/grants seem to be extremely important in 
lowering the upfront green premium for the higher education sector.   
 It was surprising to see there was no relationship between green premium after 
incentives/grants and LEED certification level.  The lowest and highest green premium price per 
square foot were LEED level silver buildings, and LEED level platinum buildings were on the 
lower and higher end of the green premium $/sf.  This could be because different building 
projects obtain different LEED points to achieve their particular LEED certification level.  For 
example, one building project may have expended many more dollars to build to obtain one 
LEED point for brownfield development (the second credit within the sustainable sites category 
of LEED-NC v2009) versus development density and community connectivity for five LEED 
points (the third credit within the sustainable sites category of LEED-NC v2009).  The 
municipality and location of the IHE within that municipality may determine if the IHE would 
even qualify for the development density and community connectivity.  For example, it is 
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unlikely a building would qualify if it is in a setting such as a rural community with strict zoning 
density restrictions. 
Results of the Net Cost-Benefit Analysis 
When collecting the energy and water savings of the LEED-certified campus building, it 
was shown that energy use was tracked more than water use.  This may be due to energy costs 
representing more of the building cost than water cost.  However, if water becomes scarcer in the 
future, water costs could increase greatly and may become a larger portion of a building’s 
operating cost.  Therefore, the LEED rating system needs to require more tracking in regards to 
water use in LEED-certified campus buildings.   
There was still many missing data for both water and energy savings on the data 
collection sheets.  Information for energy savings was not available from 50% of the sample, and 
water savings was not available from 80.95% of the sample.  LEED-NC v.4, the newest version 
recently passed in 2013, requires projects to monitor and track a building’s actual energy and 
water use for five years from the time the project accepts LEED certification or typical 
occupancy (whichever comes first) (United States Green Building Council, 2013).  Additionally, 
it must report this actual usage data to the USGBC.  This is an important step to get more data 
regarding actual operating costs.   
It was encouraging to see that the data provided showed the NPV was positive and, 
therefore, it makes sense financially to build LEED-certified campus buildings.  Additionally, 
the IRR and BCR were calculated, which also showed positive results.  However, it is important 
to note that alternatives, such as using funds on projects other than LEED-certified campus 
buildings, were not be measured, which is a limitation of this study. 
Results of the Simple Payback Method 
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The payback period found in this study was 10.47 years.  Because this is less than the 
building lifecycle of 25 years, it makes sense financially to build LEED-certified campus 
buildings.  This result should foster greater adoption of LEED-certified buildings among IHEs in 
the United States.  However, this may involve changing the perspective of many executives who 
have decision making powers.  Historically, perspectives on building costs have been short-
sighted; the focus tends to be more on the upfront building costs than down-the-line operating 
costs throughout the building lifecycle.  
Results of the Sensitivity Analysis 
Although the cost-benefit analysis with the original parameters showed a positive 
financial outcome, it was important to see whether LEED-certified campus buildings still made 
sense financially when certain parameters were changed.  The building lifecycle, discount rate, 
incentives/grants, and water savings were altered.  With all alterations, every scenario made 
sense financially to build LEED-certified campus buildings. 
LEED-certified campus buildings still make sense financially if water savings are 
removed.  Because there were not much water savings data, they were removed from the cost-
benefit analysis to see if LEED-campus buildings still made sense financially.  Because water 
savings had multiple assumptions, it was important to look only at the upfront green premium 
and annual energy savings alone.  Although the NPV was significantly lower, it was still greater 
than zero.  This illustrated that strictly the energy savings alone warranted LEED-certified 
campus buildings financially. 
The findings of this study for the most part confirm the findings of previous studies.  
Although this study strictly looked at the IHE sector, on average, there was an upfront green 
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premium.  Additionally, on average, there were energy and water savings down the line, which 
justifies green building from a building lifecycle perspective. 
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Limitations 
One limitation of the current study is there was a low response rate of 2.67%.  There were 
42 valid surveys out of 1,571 projects.  The low response rate could be due to various reasons.  
First, potential respondents could have opened up the survey and saw questions for which they 
did not have answers and did not bother to finish the survey.  For example, there was a response 
from a contact at an IHE who said they do not cost the buildings to take into account green 
features.  There was another response from an IHE whose contact said they do not track 
energy/water use data per building because buildings are not separately metered.  This would 
further explain the low response rate because this shows the facility directors’ lack of knowledge 
on the costs and savings of LEED-certified buildings.  Additionally, it is also possible the survey 
was too long, and respondents decided not to finish due to the length.  One thing I learned as a 
researcher is to make surveys shorter going forward to increase the likelihood of a higher 
response rate.  Furthermore, there was no way to follow up with the participants because the 
survey was anonymous. 
Also, when searching for contacts at the IHEs, there were people no longer in the position 
as shown on the website (website was never updated), some respondents said they did not have 
time to complete the survey, and numerous people responded the building listed in the database 
is non-LEED certified. Additionally, the email requesting participation could have gone into a 
black hole.  There was no other way to find out who was the contact for a project because the 
database and individual IHE websites often contained incomplete or incorrect information.  
Sometimes, the director of facilities/physical plant position was vacant, so it was necessary to 
find an alternative contact for the project such as a campus facilities coordinator or vice president 
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of operations or administration.  This could have increased the email “black hole” theory.  All of 
these possibilities may have increased the lack of respondents.   
There also may be some flaws within the database used. Within the database, some 
projects labeled as higher education seem to be private industry such as: Geisinger, Dunn 
Construction, Bald Head Island Conservancy, Gateway Canyon Resort, Naval Air Station 
Whidbey Island, Smithsonian Conservation Biology Institute, etc.  However, this database is the 
best information in existence today for campus LEED-certified buildings.  
These reasons may also explain the extremely high number of in-progress surveys.  There 
were 249 in-progress surveys, meaning the respondent did not finish the survey.  There were 155 
in-progress surveys, representing 17.61% (155/880 = 17.61%) of the population during the first 
phase of data collection (focusing strictly on LEED NC v2009 projects) and 94 in-progress 
surveys, representing 13.6% (94/691 = 13.6%) of the population during the second phase of data 
collection.  I expected the number of in-progress surveys to decrease once increasing the data 
collection parameters to include all versions of LEED NC because LEED v2009 buildings were 
perhaps too new to have the necessary data to complete the survey.  Although the number of in-
progress surveys decreased during the second phase of data collection, there still was a high in-
progress survey rate.  This could be because that data is unavailable for previous LEED NC 
version buildings.   
Another limitation of the current study is participation was not random because 
permission was needed from the IHE to obtain the needed data.  There were voluntary study 
participants sharing certain types of data, which can create a potential bias in the selection of 
buildings.  For example, only IHEs experiencing positive financial results may choose to 
participate.  Also, the dataset did not precisely represent the national population of LEED-
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certified campus buildings.  Furthermore, this study did not compare actual to projected energy 
and water consumption. 
This study did not examine specific credits within the LEED checklist.  Because IHEs 
may select different credits based on the type of building and location of their campus, this may 
affect upfront building costs and operating costs that were not taken into account in this study.  
Also, this study used the USGBC guidelines for energy and water baselines although some states 
and/or localities may require higher baselines for conventional buildings.  This can cause 
overinflated energy and water savings because buildings not even considering LEED would have 
had to build to higher standards than these baselines.  Lastly, projects listed as confidential, 
perhaps due to negative financial outcomes, could not be used as part of the population because 
there was no information to identify the project or a contact.  This could cause the costs of this 
study to be understated and savings overstated. 
Recommendations 
Incentives/grants seem to be extremely important in lowering the upfront green premium 
for the higher education sector.  When looking at the green premium results after 
incentives/grants, extremely high outliers were eliminated.  Future research should look at public 
policy regarding LEED to see what incentives and/or grants help decrease the upfront green 
premium when building to LEED certification standards.  Many states, municipalities, and IHEs 
have enacted policies that require buildings to be constructed to LEED standards.  Implementing 
incentives and grants rather than strictly requirements can help incentivize private IHEs that do 
not have a LEED requirement in place to build to LEED standards. 
Because no relationship was seen between the upfront green premium and LEED level, it 
would be interesting to take a more detailed look at projects to uncover why this may be.  This 
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could include collecting and reviewing LEED checklists to see which credits were obtained and 
if specific credits cost more than others to obtain.  Furthermore, common themes or trends could 
be revealed.  
 There was a lack of data on the upfront green premium, energy savings, and water 
savings for LEED-certified buildings within the higher-education sector, as illustrated by the 
current study.  LEED certification may be too new to have these data metrics.  Rating systems 
have continued to change and evolve.  One such evolution has been LEED Version 4, the latest 
version of LEED-NC.  With the introduction and approval of LEED Version 4, this could help 
provide more data on energy and water costs in the future.  This is an important step to get more 
data regarding actual operating costs.  Future research using this data could prove quite helpful in 
filling these data gaps on the operating costs.  However, lack of data regarding the upfront green 
premium still needs to be accounted for as well.   
Another future recommendation would be to educate decision makers at IHEs on the 
value of building lifecycle analysis versus strictly upfront construction costs.  This may involve 
changing the perspective of many presidents and provosts who have decision-making powers and 
whose perspectives on building costs have historically been shortsighted.  This education is 
essential so decision makers understand the short- and long-term ramifications of building 
projects.  Furthermore, building lifecycle analysis is especially important at IHEs, where 
building lifecycles tend to be longer because the IHE is typically the sole owner of the building. 
Many IHEs have enacted policies requiring buildings to be constructed to LEED 
standards.  This may be due to the LEED rating system being the leader in green building rating 
systems.  However, there may be campus buildings that are being constructed using other green 
rating systems.  This would be interesting to look into for future research to see the distribution 
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of various green building systems among IHEs, as well as the relative upfront and down-the-line 
costs and savings. 
Additionally, buildings may be being constructed to LEED standards or other green 
building rating system standards, but not being certified due to the cost of certification.  This 
may partially explain why many IHE campus buildings are non-LEED certified.  This would be 
helpful to look into in the future. 
LEED certification standards are uniform across the United States.  However, different 
regions within the United States have different population densities and different climates, which 
range from arid to wet and from warm to cool.  It would be interesting to see if certain LEED 
points are easier to achieve in different climates and with different populations. 
Furthermore, we live in a global context, so looking abroad for solutions in regards to 
green building rating systems are recommended for future research.  Searching internationally 
for successful green building ratings systems would be useful to review for implementation in 
the United States.  Perhaps adoption and adaptation of a foreign green building rating system 
may offer better solutions financially and environmentally going forward.  
Conclusions 
The purpose of the current study was to discover whether the perceived upfront green 
premium barrier is valid by looking at actual initial costs of LEED-certified campus buildings 
versus conventional campus buildings.  This study confirms the majority of findings in the 
current literature in regards to the existence of an upfront green premium.  In this study, an 
upfront green premium of $5.53/sf and an upfront green premium of $4.50/sf were discovered 
after incentives/grants for LEED-certified campus buildings.  Therefore, the perceived upfront 
green premium barrier may be valid for LEED-certified campus buildings.  However, other 
83 
 
considerations, such as environmental and community impacts, should be taken into account 
because part of an IHE’s mission is often commitment to service versus solely economic 
feasibility. 
Because an upfront green premium was discovered, it was important to calculate the time 
it takes to recover these upfront costs.  The payback period was 10.47 years, which shows the 
payback period for LEED-certified campus buildings is well below the building lifecycle.  This 
relatively short upfront green premium recovery period should help to further the case for LEED-
certified building among IHEs. 
Moreover, the energy and water savings found in this study confirm the majority of 
findings in the current literature as well.  In this study, annual energy savings were found to be 
$0.31/sf, and annual water savings were found to be $0.12/sf.  This should further foster 
adoption of the LEED green building rating system among campus buildings.  A cost-benefit 
analysis was performed of many campus LEED-certified buildings with the upfront green 
premium and the down-the-line savings throughout the building lifecycle, and the NPV was 
calculated to be $2.59/sf.  Because the NPV was greater than 0, LEED-certified campus 
buildings are profitable and justify LEED certification from a financial standpoint. Therefore, 
this cost-benefit study can help justify allocation of resources to increase LEED-certified campus 
building programs because benefits outweigh costs.   
No comprehensive studies have been conducted that look at the costs and benefits of 
green building across IHEs; therefore, I learned many lessons throughout this process.  Should 
this study be done again, I would not have made the survey anonymous so I could follow up with 
participants who did not initially respond or who did not complete their surveys.  Although the 
intent was to encourage a higher response rate by keeping the survey anonymous, this strategy 
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proved unsuccessful.  Additionally, I would have made the survey more concise because the 
length of the survey may have hampered a higher response rate. 
This study should still help policymakers at higher education institutions either 
considering implementing a LEED-certified building or institutions that already have one or 
multiple LEED-certified buildings.  Furthermore, this study fills the gap in the literature in 
multiple ways.  First, it provides a comprehensive cost-benefit analysis of a sample of LEED-
certified campus buildings nationwide, which can help state and federal policymakers who can 
provide IHEs incentives, such as grants, for upfront costs to build LEED-certified buildings.  
Second, the current study has produced more recent findings for a sample that focuses strictly on 
the higher education sector.  Additionally, this study provides construction and operating costs 
for a sample of campus LEED-certified buildings within the United States, which has helped 
confirm the perceived green premium.  However, it was also found that campus greening makes 
sense from a full lifecycle economic standpoint, which helps address upfront green premium 
barriers.   
The results of this study can be used to provide knowledge to help key stakeholders and 
decision makers develop green building campus policies.  Although I was not able to extrapolate 
due to the limit of data, this study still illustrates the lack of this data and promotes the call for 
developing new standards for data collection of LEED-certified campus buildings.  Although 
there were various flaws in the database, it was the best database available for use for IHEs at the 
time of the study.  Because the LEED certification system is relatively new, these findings and 
future findings hopefully will encourage better data collection for use in studying the financial 
aspect of campus LEED-certified buildings. 
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In conclusion, the LEED green building rating system is continuing to grow at IHEs.  
Cost may not be the whole picture for IHEs because they tend to operate under a different ethos 
than private industry.  IHEs may have a higher tendency to implement policies that encourage 
environmental responsibility despite higher costs.  However, as seen from this study, although 
the upfront green premium is reinforced, LEED makes sense financially from a building lifecycle 
perspective.  However, there is still a lack of data in the higher education sector, as shown above 
in the current study and the literature review.  Therefore, more financial data collection is needed 
to further the research of LEED-certified buildings at IHEs. 
Policy initiatives can help promote LEED-certified campus buildings at IHEs.  Perhaps 
instituting a policy requiring collection of costs and savings data on LEED-certified campus 
buildings would help at the IHE level.  Also, implementing a policy to incentivize owners, 
developers, and managers to look at the full building lifecycle versus strictly the more immediate 
upfront building costs would be beneficial because this could foster development of more LEED-
certified campus buildings. 
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Appendix A (continued) 
LEED Project Database Portion With Filters and Modifications 
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Appendix A (continued) 
LEED Project Database Portion With Filters and Modifications 
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Data-Collection Sheet
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Appendix C 
Sample E-mail Requesting Participation 
 
Greetings Participant: 
  
I hope this message finds you well.  I found your contact information on your institution of 
higher education website regarding Project X.  Project X was listed in the "Higher Ed LEED 
registered and certified projects" database which can be found on the Center for Green Schools 
website, a division of the United States Green Building Council (USGBC).  I am conducting my 
Ph.D. dissertation on LEED-certified campus buildings to figure out if there is a green premium 
for LEED-certified campus buildings, if benefits outweigh the costs of LEED-certified campus 
buildings throughout the building lifecycle, and the payback period for LEED-certified campus 
buildings if applicable. 
  
I am requesting your participation in my research study and would be delighted to share my 
results with you upon conclusion of my study.  Your participation would involve completing an 
electronic survey on the above mentioned building.  Below is the URL link to the electronic 
survey titled "LEED-CERTIFIED CAMPUS BUILDINGS" for my study which will be used to collect 
data on these three topics in campus green building.  Your participation in this study would 
conclude upon completion of this survey.  The survey should take less than an hour to complete 
and contains questions on the following nine sections: general project information, costs, 
energy, water, health/indoor environmental quality, materials, site, property, and 
other.  Responses to this survey should prove helpful to policy makers at higher education 
institutions either considering implementation of a LEED-certified building or institutions which 
already have one or multiple LEED-certified buildings by uncovering lifecycle costs and benefits 
of LEED-certified campus buildings.   
  
Please note your responses are confidential as there is no identifying information in the 
electronic survey.  Additionally, the data from the survey will be securely stored on a USB 
memory key.  Furthermore, participation in this survey is voluntary.  If you choose to 
participate, please remember to scroll down to the bottom of the survey and press the 
"submit survey" button upon completion even if you cannot answer all questions.  Any 
information is helpful.  Please feel free to contact me for questions about this research study. 
 
http://asset.tltc.shu.edu:80/servlets/asset.AssetSurvey?surveyid=6198 
Thank you for your consideration and best regards, 
  
Erin Zielenbach, MRED 
Seton Hall University 
Department of Education Leadership, Management & Policy 
Ph.D. Candidate, Higher Education Leadership, Management and Policy 
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Appendix D 
LEED v1.0 Pilot for New Construction Scorecard Example 
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Appendix D (continued) 
LEED v1.0 Pilot for New Construction Scorecard Example 
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Appendix E 
LEED v2.0 for New Construction Checklist Sample 
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Appendix E (continued) 
LEED v2.0 for New Construction Checklist Sample 
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Appendix F 
LEED v2.1 for New Construction Checklist Sample 
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Appendix F (continued) 
LEED v2.1 for New Construction Checklist Sample 
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Appendix G 
LEED v2.2 for New Construction Checklist Sample 
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Appendix G (continued) 
LEED v2.2 for New Construction Checklist Sample 
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Appendix G (continued) 
LEED v2.2 for New Construction Checklist Sample 
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Appendix H 
LEED v2009 for New Construction and Major Renovations Project Checklist Sample 
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Appendix I 
LEED v4 for New Construction and Major Renovation Project Checklist Sample 
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Appendix J 
E-mail Granting Permission to Use Survey 
 
 
Jonathan Braman  
To Me  
Nov 18, 2013  
Hi Erin, 
 
Yes of course you can make use of anything in the book with reference.  As you probably saw 
from my auto-response, I'm on leave through January, but will probably be checking email 
weekly or so. 
 
Best of luck! 
 
Jon 
 
On Sun, Nov 17, 2013 at 11:41 AM, Erin Zielenbach <erinzielenbach@yahoo.com> wrote: 
 
Good morning Jon, 
  
I hope this message finds you well.  We spoke in the summer regarding 'Greening our 
Built World: Costs Benefits and Strategies' and how I would like to use the survey from 
this piece for my dissertation.  You had said that would be great so that we can further 
knowledge in this field, but to make sure I provide proper credit which I absolutely have 
in my study.  I am close to having my dissertation proposal approved and my mentor is 
asking that I have written approval for usage of this survey as our phone conversation 
doesn't suffice for approval.  Can you please send me an e-mail approval back granting 
permission to use this survey.  I am looking forward to my results and will share them 
once I have completed my study. 
  
Thank you so much for your help, 
Erin 
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Appendix K 
Curriculum Vitae 
 
ERIN A. HOPKINS 
 
EDUCATION 
 
Seton Hall University South Orange, NJ 
Doctor of Philosophy, Higher Educational Leadership, Management & Policy Expected 2014 
• Dissertation Title: “LEED Certification of Campus Buildings: A Cost-Benefit Approach” (J. 
Stetar, committee chair) 
 
University of Southern California Los Angeles, CA 
Master of Real Estate Development (GPA = 3.6) August 2004 
 
James Madison University Harrisonburg, VA 
Bachelor of Business Administration, Accounting and Finance (GPA = 3.4) May 2000 
• Minor in Spanish 
 
RESEARCH 
 
Zielenbach, E.A. (2012). Barriers to adoption of campus sustainable development policies. The 
Association for the Advancement of Sustainability in Higher Education. Retrieved from 
http://www.aashe.org/resources/student-research/barriers-adoption-campus-sustainable-development-
policies 
 
TEACHING INTERESTS & HONORS 
 
Interests: Residential property management, commercial property management, real estate 
development, real estate finance, real estate accounting, green building, sustainability 
 
Honors: New Faculty/Early Career Teaching Certificate participant at Virginia Tech (AY 14-15) 
 
PROFESSIONAL EXPERIENCE 
 
Virginia Tech Blacksburg, VA 
Visiting Assistant Professor of Property Management 2014 – Present 
• Teach undergraduate courses in both residential and commercial property management 
focusing on operations, asset management, and affordable and specialized housing. 
• Provide service to the University and profession. 
• Contribute to the property management program by networking with industry partners for 
internships, employment, and professional development opportunities for students. 
• Coordinate annual property management career fair and various events for the student 
association of property management. 
• Sit on department website committee to create new website layout and content. 
• Attend various national conferences to stay current in the industry and build relationships. 
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Appendix K (continued) 
Curriculum Vitae 
ERIN A. HOPKINS 
 
PROFESSIONAL EXPERIENCE (CONTINUED) 
 
Fidelco Newark, LLC Newark, NJ 
Property Accountant / Property Manager 2009 – 2014 
• Perform all accounting functions for two office buildings in Newark, NJ totaling approximately 
450,000 square feet, a 28.9 acre redevelopment project in Yonkers, NY, and 250 loft-style 
apartment units in West Warwick, RI including monthly financial statement preparation and 
management of all accounts receivable, accounts payable, and payroll. 
• Manage day to day operations of office buildings by responding to tenant inquiries and issues, 
handling personnel matters, and repair and maintenance coordination as needed. 
• Create and manage building improvement budgets. 
• Prepare and review annual CAM and real estate tax reconciliations. 
• Abstract all leases to create a lease synopsis and individual lease summaries for all tenants.  
 
WP Realty, Inc. Bryn Mawr, PA 
Regional Property Controller (October 2008 – January 2009) 2006 – 2009 
Special Projects Analyst / Senior Accountant (September 2006 – September 2008) 
• Performed financial analysis for a retail property portfolio comprised of twelve properties 
totaling approximately 2 million square feet to ensure budgets were appropriate and financial 
benchmarks were reached. 
• Performed monthly closing/review procedures including bank account reconciliations, selected 
general ledger account analysis, capital contributions and distributions, and loan advance status. 
• Prepared and reviewed annual CAM, real estate tax, and insurance reconciliations. 
• Interacted and coordinated with all departments within the organization to ensure delivery of 
annual investor property budget plans and quarterly variance reports for various real estate funds 
on a timely and accurate basis.  
• Developed new template package for annual property budget plans for more effective 
presentation and comprehension and trained property accounting department on newly developed 
template package.  
 
Brown Hill Development, LLC Huntingdon Valley, PA 
Real Estate Development Coordinator 2005 – 2006 
• Performed financial analysis for multi-family projects at various stages to ensure appropriate 
budgets were maintained as well as financial benchmarks were reached. 
• Managed properties by supervising post-settlement building issues as well as owner punch list 
items. 
• Coordinated sales center efforts in regards to marketing events, advertising, signage, procedures, 
and data capture.  
• Researched local market conditions and development projects to remain competitive. 
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Appendix K (continued) 
Curriculum Vitae 
ERIN A. HOPKINS 
 
PROFESSIONAL EXPERIENCE (CONTINUED) 
T.H. Properties, LLC Harleysville, PA 
Approvals Specialist 2004 – 2005 
• Collaborated with planners, surveyors, and engineers to create plans on a timely basis for 
submission and approval to various municipalities. 
• Presented subdivision sketches and plans to the respective municipalities for feedback and 
approvals. 
• Obtained all DEP, DOT & county conservation district permits and approvals. 
• Acquired final plan approval and coordinated signing of record plans and agreements, posting of 
escrows and recordation with the bank as well as dedication coordination of developed properties. 
• Established and maintained collaborative relationships with municipality staff and supervisors. 
• Researched land development and zoning ordinances of various municipalities to assure 
compliance. 
 
BearingPoint (formerly KPMG Consulting, Inc.) McLean, VA 
Financial Services Consultant 2000–2003 
• Worked together with the real estate assessment center within the U.S. Department of Housing 
and Urban Development (HUD) in order to track and analyze Public Housing Authorities (PHAs) 
in the United States. 
• Consulted with Aames Financial Corporation, a key lender in the mortgage industry with a $1.7 
billion service portfolio, to create reports that accurately measured performance and provided 
effective presentation. 
• Supported the merger of J.P. Morgan, a major investment bank, and Chase, a major consumer 
bank, by assisting in their financial account integration which helped the client save $3.8 billion 
in merger-related cost savings in 2001. 
 
ADDITIONAL INFORMATION 
Study Abroad:  University of Rome, Rome, Italy (Summer 2013), University of Salamanca, 
Salamanca, Spain (Spring 1998).  
Computer Skills:  MS Office, financial modeling, MS Project, Argus, general ledger mainframe 
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Designations:  LEED Green Associate, Certified Apartment Portfolio Supervisor (CAPS) 
Affiliations:  
American Real Estate Society, Member      2014 – Present 
Community Associations Institute Member      2014 – Present 
Golden Key International Honour Society, Member     1999 – Present 
Hokie Wellness Champion        2014 – Present 
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